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Look what's back of this trademark 
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Service by Trained Complete Research 
Technicians Facilities 
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Exacting Manufacturing Standards 85 Years of Experience 


The makers of Gargoyle Leather Oils and 

Greases offer you the services of skilled 

field technicians who are specialists in 

leather oils and greases, and in their 

correct application ... research facilities SOCEHY-WACUUN 
and leather chemists to help solve your 

special problems... products made under QUALITY 
the most exacting manufacturing 

methods to assure top quality... 85 years AND SERVICE 
of practical experience. Give us a call. SINCE 1866 


SOCONY-VACUUM OIL COMPANY, INC., TANNERS DIVISION, 26 Broadway, New York 4, N.Y. 





SPRUCE EXTRACT 


POWDERED SUPER SPRUCE 


LACTANX 


Robeson Process Company 








MECO EXTRACT 


CHESTNUT WOOD OAK BARK § HEMLOCK BARK 
All Concentrations, Liquid to Dry Powder 


Teas Extract Co. 
6400 Centennial Boulevard 


| ‘TENNESSEE PLANT MARION PLANT ANDREWS PLANT 
| Nashville, Tenn. Chattanooga, Tenn. Andrews, N. C, 














J Color stops the eye—starts the sale! 
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CUTRILIN’ BATE 


CUTRILIN bates are pancreatic bates—the kind 


that experienced tanners have used for over 
twenty years. They remove undesirable portions 
of the hides or skins and condition them for 
tanning. Their action and effectiveness is backed 
by Cyanamid’s experienced and efficient 
technical service. Contact our technical staff 


for a demonstration. 


AMERICAN Ganamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION 
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
In Canada: North Americon Cyanamid Limited, Toronto and Montreol 


Monufacturers of CUTRILIN® Bote, TANAK® Synthetic 

Tonning Materials, BETASOL® Wetting Agents, ond sole 

distributors of TWECOTAN® Tanning Extracts, manufac 
tured by Taylor White Extracting Company 
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ARKOTAN 


Reg. U. S. Pat. Off. 


A Universal Syntan 


An all purpose syntan made in types suitable for vegeta- 
ble, chrome, alum and formaldehyde tannages. Imparts a 
fine silky grain to the leather with increased roundness and 
improved tensile strength. 


An excellent mordant for dyeing calf and glove leather, — 
produces an even color. 


A perfect pretannage for shearlings and all types of white 
leather. 


Samples and Demonstrations Upon Request. 


* ARKANUM:—For efficient bating. 
* TETRANOL:—A highly efficient wetting agent. 


* Reg. U.S. Pat. off. 
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ARKANSAS COMPANY. Ine. 


ESTABLISHED OVER 4O YEARS. 


Newark, N. J. 





Chemicals you live by 
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URUGUAYANS NORWEGIANS PERSIANS 


...and 225 U.S. Tanners 


SPECIFY TANOLIN® 


Wherever chrome leather is made, TANOLIN, the one- 
bath chrome tan originated by Martin Dennis, is 
favored——-because of its uniformity, ease of application, 
and the high-quality leather it produces. Your most 
exacting requirements can be met with one or more of 
the five types of TANoLiIn: TaNnotin R, T, KXD, 225 and 
(for white leather) W2XD. 

Martin Dennis also offers a full line of fat liquors 
including ACIDOLENE N, made from Newfoundland 
tanked cod oil. 

Our representatives have both chemical and tannery 
training. They will be glad to assist you in any tanning 
problems involving these chemicals, aR 
DIAMOND 
CHEMICALS FOR THE LEATHER INDUSTRY <i(((\s > 


THE MARTIN DENNIS COMPANY, A DIVISION OF CHEMICALS 
DIAMOND ALKALI COMPANY ... CLEVELAND 14, OHIO 
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REDUCE YOUR COSTS 


Outstanding Control of Microorganisms with 
SYNERGISTIC Combinations of Efficient Bac- 
tericides and Fungicides 


* Soaking 

* Hot Pools After Liming 

* Pickling 

* Vegetable Tan Liquors 

* Chrome Tanned Stock 

* Heavy Vegetable Tanned Leather During Drying 
* Sawdust Used in Samming 

* Starch and Protein Finishing Materials 

* Odor Control and General Sanitation 


BUCKMAN LABORATORIES, INC. 


MEMPHIS 8, TENNESSEE 
Representatives in Most Countries 
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A complete range of Ce for the coloring 
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of all leathers * synfans for retanning and 


bleaching * mold preventives water 
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GENERAL DYESTUFF CORPORATION 


HUDSON STREET - NEW YORK 14, NEW YORK 
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© CHARLOTTE e CHICAGO © PHILAGELPHIAe PROVIOENGE © SAN 


FRANCISCO 


OUR 153rd YEAR 


Natural Dyewood Products 


Logwood 


Fustie «- Hypernic « Osage Orange 


Produce level bottom shades for all colored leathers 


Tanning Extracts 


Dehydrated in the modern manner, perfect solubility, lowest cost 


© 
Coal Tar Dyestuffs, Synthetic Tans 


NEW YORK COLOR & CHEMICAL CO. DIVISION 


BELLEVILLE, NEW JERSEY 


AMERICAN DYEWOOD CO. 


285 MADISON AVENUE NEW YORK 17, N. Y. 


Factories: 
CHESTER, PA. BELLEVILLE, N. J. 
Oxr Branch Offices: 
($3 BELLEVILLE, N. J. BOSTON, MASS. 
ed CHICAGO, ILL. PHILADELPHIA, PA. 
Year TORONTO, CANADA 
MONTREAL, CANADA 





SOLVAY 


VO 
eae 


UPGRADES 
YOUR LEATHER 


When you use SOLVAY AMMONIUM BICARBONATE 
for neutralization, you improve the quality of 
your product . . . because this pure neutraliz- 
ing agent penetrates the leather and raises the 
pH uniformly throughout the thickness of the 
hide. It also improves the grain and dyeing 
characteristics. Result: you get higher prices 
for your leathers! 

For uniform neutralization, rapid penetra- 
tion and finer grain, do as other leading tanners 


do...specify SOLVAY AMMONIUM BICARBONATE. 


SOLVAY SALES DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


BRANCH SALES OFFICES:———————_- 

Boston « Charlotte - Chicago + Cincinnati + Cleveland + Detroit 

Houston + New Orleans + New York «+ Philadelphia «+ Pittsburgh 
St. Louls + Syracuse 


Other Products for Tanners 
@ CLEANSING SODA XX 
@ SNOWFLAKE* CRYSTALS 


*Reg. U. S. Pat. Off. 
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MANUFACTURERS: 
waee IMPORTERS: 
MYRABOLAMS 
QUEBRACHO WATTLE BARK 


Senate DIVI-DIVI 
FACTORY: VALONIA 
Staten Island, N. Y. ETC. 


INTERNATIONAL PRODUCTS 
CORPORATION 


29 BROADWAY 6, NEW YORK 


Representatives: 
San Francisco - London, Canada - Boston 
Havana, Cuba - Mexico City, Mexico 


"SUPREMO" "LUNA" 
BRAND 


BRAND 
SOLID-ORDINARY COLD WATER SOLUBLE 


QUEBRACHO EXTRACTS 


FACTORY AT PUERTO PINASCO, PARAGUAY 


Sole Distributing Agents North America 
VALONIA EXTRACT "'S. E. N. S." 





1. Is the supply of Mead Chestnut Ex- 
tract adequate? 


Decidedly yes. Recent surveys show that 
there is enough chestnut wood in our forests to 
serve the leather industry for many years to 
come. Huge chestnut stockpiles, such as the 
one shown above, are converted under chem- 
ical control at five extract plants, insuring a 
steady supply of Mead Chestnut Extract 


2. Why is Mead Chestnut Extract pre- 

ferred over other tanning agents? 
Mead Chestnut Extract is a superior tanning 
material, made by America’s largest producer 


of vegetable tanning extracts. Repeated experi- 
ence has shown 


A. Chestnut tanned leathers do not oxi- 
dize, darken on exposure to light, or develop 
an uneven color on aging, as do leathers tanned 
with many other materials, vegetable or 
synthetic 


B. Since the tanning system demands 
acid, the use of chestnut, with its plumping 
acidity, saves you money 


€. Mead Chestnut Extract eliminates up 
to 28% of leachhouse losses 


THE MEAD CORPORATION 


Tannin Extract Division, Lynchburg, Virginia 


This is only a portion of the many stockpiles of chestnut 
logs that insure a continuous supply of Chestnut Extract 


D. There are no hidden costs. When you 
use Mead Chestnut Extract, no time- and 
money-consuming preparation is required 


Ask about Mead Cold Soluble Chest- 
nut Extract for retanned leathers. And—for 
more pounds of plumper leather—standardize 
on Mead Chestnut Extract 


IT’S A FACT! 


Mead Chestnut Extract will produce more 
pounds of plump leather per unit of tannin 
than any other tanning material, 


Vegetable Tan Yard Yield 
Tannin white weight basis) 

Chestnut Wood Extract 67% 

Tanning Material A 

Tanning Material B 


Calculate your tanning material costs on a 
leather basis as well as on a tan unit basis. 
Mead Chestnut Extract, producing four to 
six pounds more leather, means positive 
savings. 





Barkey Importing Co. Inc. 
82 Beaver St., New York 5, N. Y. 


IMPORTERS 
Vegetable Tanning Extracts 


and Raw Materials 
Wattle Bark 
Wattle Extract 
Quebracho Extract 
Valonia Cups, Beards 
Valonia Extract, Valex Brand 
Mangrove Bark 
Sicily Sumac 
Myrabolans 
Divi divi 


SOLE AGENTS FOR UNITED STATES AND CANADA 
for 
Italian Chestnut Extracts 
Solid and Powdered 


Produced by 


S.A. LEDOGA 
MILANO, ITALY 





NAMES TO REMEMBER 


for Better Leather Pro 


Improved finishing methods are doing 
their part to foster the growing public 
appreciation of leather. These methods 
depend on finish materials designed for 
the particular job. Rohm & Haas finishes, 
in each instance, have been developed 
with full knowledge of the desirable 


qualities involved. 


The PRIMALS 


Because of their inherent flexibility and 
cemarkable filling and leveling power, 
The Primats have virtually revolution- 
ized the finishing of many leathers. 
Because of their versatility, the char- 
acteristics of the finish may be altered 
easily by choice of the appropriate grade 
of Primac, Similarly, non-foaming mixes 
of good mechanical stability suitable for 
machine operations can also be pre- 
pared. In all cases the resulting film 


has superior feel. 


CHEMICALS FOR INDUSTRY 


ROHM ¢ HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 


Industry-approved. ia 


_ material providing in itself 


replacement for natural tannins. 


TAMOL 
Dye assist which made postel colors 
practical. 


ZIRCOTAN 


Zirconium tanning agent which pro- 
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PRIMAL 


_ Resin dispersion giving outstanding ~ 


flexibility in leather finishes. 


ORTHOCHROM 


Pioneer washable leother finish. 


HYDRHOLAC 


Aqueous emulsions of nitro cellulose 
lacquers. 


ORTHOLITE 
For hard wearing tone “ 
RHOTEX _ 
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THIS MARK IDENTIFIES 


GUARANTEED OILS 


For sixty-three years ATLAS REFINERY, as direct 
refiners and pressers of Neatsfoot Oils and 
manufacturers of Sulphonated Cod Oils, Sul- 
phonated Neatsfoot Oils, Split Oils and 
Moellons, has served the tanning industry with 
products of proven merit. All oils are handled 
from crude to finished products, assuring the 
utmost in uniformity and quality. 


1I887—195| 
ATLAS REFINERY, INC. 


142 LOCKWOOD STREET « NEWARK e N. J. 
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For Precision Control of Unhatring 
use HOOKER sodium sulfhydrate... 


@ Thanks to Hooker Sodium Sulfhydrate, you can ad- 
just the sulfide and alkali strength of unhairing solu- 
tions exactly as you wish. 


This is because Hooker Sodium Sulfhydrate in lime 
forms only half as much caustic soda as the same 
quantity of Sodium Sulfide forms. 


Alkalinity may be increased, without changing sul- 
fidity, by adding controlled amounts of Hooker 
Sodium Sulfide or Hooker Caustic Soda. 


This precision control of solutions ends hide injury 
from high alkalinity, and assures production of 
stronger, cleaner, better grained leather. Lower alka- 
linity limits attack on the hair, giving greater yields 
of better quality product. 


Hooker Sodium Sulfhydrate flakes dissolve rapidly 
even in cold water, producing a clear solution which 
san be used at once. There is practically no sedi- 
mentation even after long standing. 


, 


And Hooker Sodium Sulfhydrate saves you 40% on 
chemical handling and storage—because you need 
only 60° as much to obtain the same sulfidity as 
with double strength Sodium Sulfide. 


Hooker Bulletin 500 tells more about Sulfhydrate 
Unhairing Solutions. It suggests procedures for 
calfskins, hides for sole leatrers, for side and 
upper leathers, and for specialties. A copy will be 
sent you free when requested on your company 
letterhead. 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


3 UNION ST., NIAGARA FALLS, N. Y. 
NEW YORK, N. Y. © WILMINGTON, CALIF, 
TACOMA, WASH. 


CHEMICALS 


CAUSTIC SODA * MURIATIC ACID * PARADICHLOROBENZENE ® 
CHLORINE * SODIUM TETRASULFIDE * SODIUM SULFIDE 


10-1397 
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QUEBRACHO 
EXTRACTS 


SOLID LIQUID POWDERED 
STANDARD SM ‘““PUREX” 
BRANDS SMS SMS 


PLANTS: NEWARK, N. J. — PEABODY, MASS. 


ALSO 


Tanning Lxtracts and Raw 
Tanning Materials from 
all parts of the world. 


MYRABOLAMS MANGROVE BARK 
DIVI DIVI VALONEA 
TARA SUMAC 


WATTLE BARK 
SOLID WATTLE EXTRACT 
POWDERED MANGROVE and 
VALONEA EXTRACTS 


—IMPORTED BY— 


PLATE 


T 
RIVER 


IMPORT AND EXPORT CORPORATION 


CHRYSLER BUILDING 
405 LEXINGTON AVE., NEW YORK (17), N. Y. 





BORNEO CUTCH 


(MANGROVE BARK EXTRACT) 


SAXE CUTCH CORPORATION 


500 FIFTH AVENUE NEW YORK 18, NV. Y. 


UNIFORM TANNER’S OILS 


for Every Type of Leather 
MARDEN WILD CORPORATION 


SOMERVILLE, MASSACHUSETTS 
MARDEN WILD OF CANADA, LTD., HALIFAX, N. S. 


LEATHERS OF 


. UNIFORM QUALITY.., 


Sun’s ‘“‘Job Proved”’ Leather-Processing Oils produce 
light, even-colored leathers, uniform in quality, 
temper, and tensile strength. The action of these oils 
is fast, stepping up production. Sun Leather-Process- 
ing Oils are easy to mix. They do not form surface 
scum. For more information, call your nearest Sun 
Office .. . or write to SuN O1L Company, Philadelphia 
3, Pa. In Canada: Sun Oil Company, Ltd., Toronto 
and Montreal. 


SUN PETROLEUM PRODUCTS 
“JOB PROVED” IN EVERY INDUSTRY 














BECKMAN MODEL B, GLASS PRISM 


SPECTROPHOTOMETER 


With band width of 5 mmu or less over the range 
320 to 625 mmu 


9091-A. 


GLASS PRISM SPECTROPHOTOMETER, Beckman Model B. Designed 
especially for speed and convenience in routine analyses but with accuracy 
suitable for many types of research work. Range 320 to 700 mmu with stand- 
ard blue-sensitive phototube and auxiliary glass filter or, by the use of an acces- 
sory red-sensitive phototube, up to 1000 mmu. Consisting of a glass prism 
monochromator with tungsten lamp light source, built-in a.c. operated voltage 
stabilized amplifier, and indicating meter reading directly in both absorbance 
and percentage transmission. 


Wavelength scale approx. 220 mm long, graduated from 320 to 1,000 
mmu, readable and reproducible to 0.5 mmu in the ultraviolet, to 1 mmu in 
the visible range and to 2 mmu in the near infrared, with an absolute accur- 
acy within 5 mmu. Stray light is negligible. An effective band width of 5 
mmu or less can be obtained over the spectral range of 320 to 625 mmu, using 
the blue-sensitive phototube. Direct readings of absorbance or percentage trans- 
mission can be made with an accuracy of 1% absorbance and 0.5% transmission. 


9091-A. Spectrophotometer, Beckman Glass Prism Model B. range 320 to 700 mmu, as above 

t consisting of monochromator with glass prism and two slits; blue- 

phototube; removable holder with set of four plastic cells, 10 mm 

length; voltage stabilized amplifier for operation on 115 volts. 60 cycles 

1.¢ and 6-volt tungsten lan for operation from a storage battery but with- 

out battery 652.50 

NOTH Range « ve extended to 1000 mmu by the use of a red-sensitive photo- 
tube assembly at $42.50 extra 


9091-C. Ditto, but with exterr constant voltage Transformer for operation of both tung- 


sten mp at mplifi from 115 volts. 60 cycles. a.« eliminating the ‘neces- 


sity fo ‘ rage batter 676.50 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA 5, PA., U.S. A. 
CABLE ADDRESS “BALANCE” PHILADELPHIA 
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LEATHER CHEMISTS ASSOCIATION 


SECRETARY’S NOTICE 
DOROTHY JORDAN LLOYD TRAVELLING FELLOWSHIP 


The Management Committee of the Dorothy Jordan Lloyd Memorial 
Fund (British Leather Manufacturers’ Research Association) are prepared 
to award a Travelling Fellowship not exceeding £400 to assist a scientist 
(junior or senior) to go abroad, or a scientist in the British Commonwealth 
or the United States to visit this country, to study some aspect of the science 
and technology of leather manufacture. Applicants wishing to be considered 
for the 1951 award should send details of their qualifications and of the work 
they wish to undertake or the project they have in mind, to the Secretary, 
Dorothy Jordan Lloyd Memorial Fund, B.L.M.R.A., Milton Park, Egham, 


Surrey. 


REPORT OF KAOLIN COMMITTEE 


A sample of kaolin furnished by the A. H. Thomas Company, Philadelphia, 
Pennsylvania and representing a lot designated as Lot No. 2 has been tested 
by the Tannin Analysis Supervisory Committee. The average values found 
by the members of this committee as compared with those obtained for official 


Kaolin Lot No. 1 and the A.L.C.A. standards are as follows: 


Per Cent Residue-Water 
Moist ure pH Grams 


A.L.C.A. Standards 5 Less than .0010 
Official Kaolin Lot No 1 3 5.8 . 0009 
Proposed Lot No. 2 5.8 0009 


The committee has approved Lot No. 2 and has authorized the A. H. 
Thomas Company to issue the kaolin in this lot as A.L.C.A. Official Kaolin 
Lot No. 2 which was declared official November 24th, 1950. 


G. W. Stanbery, Chairman. 


JOHN A. POTTS 


John A. Potts was born near Pine Grove, Pa., Jan. 9, 1889 and died Sept. 
4th, 1950. He was educated in Pine Grove township schools. His first posi- 


tion in the leather business was with G. H. Gensemer in 1906 as a liquor 


runner. He soon realized that a knowledge of chemistry was of great im- 
portance in the production of leather and in order to obtain this knowledge, 
he took a course in chemistry with the International Correspondence School 
of Scranton, Pa. 
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He was superintendent of the Park Run Tannery in Lancaster, Pa., Gense- 
mer & Salem Pine Grove, Pa., Pine Grove Tanning Co. and Virginia Oak 
Tannery Inc., Luray, Va. 

John Potts was well known to many A.L.C.A. members, havirz joined 
the Association in 1925, and will be missed at conventions where he was a 
regular attendant, being very much interested in Association activities. 

He was a leader in Pine Grove community activities such as the American 
Legion, Rotary Club, Masons, and many other groups. 


EDWIN SHELLEY CAVETT 

In July, the many friends of Edwin Shelley Cavett were sadened to learn 
of his untimely passing. 

Bud, as he was affectionately known to his friends, was born in Denver, 
Colorado, 6 February, 1899. He was educated at the University of Cincinnati, 
obtaining his engineering degree, B. Ch. E. in 1923, and the professional 
degree Ch. E. in 1927. 

After leaving Cincinnati, Bud went with the former C. C. Smoot and 
Sons Company in North Carolina, leaving there in 1924 to become chemical 
engineer in charge, Tannery Waste Disposal Commission of Pennsylvania, 
where he remained through 1927. At that time, he joined the A. C. Lawrence 
Leather Company at Peabody, Massachusetts, as chief chemist of their 
research division. 

In 1933, he became technical director of the tannery division of the Marden- 
Wild Corporation in Boston, Massachusetts. In September of 1937, be became 
sales representative of the Mutual Chemical Company of America, which 
post he held at the time of his passing. 

Bud was a member of the American Leather Chemists Association, Insti- 
tute of Chemical Engineers, and fellow of the Institute of Chemistry. 

Bud, in his quiet way, was active in the affairs of the American Leather 
Chemists Association being interested in both its technical and social events 
and always willing to lend a helping hand in the days work. His passing will 
leave a void in our membership. 


It might then be written that he was always kind, considerate and help- 
ful, and many of our members are richer in service by reason of his thought- 
fulness and kindly interest. We, who have known him intimately will treasure 


the memory of an able chemist, a patriotic American and a loyal and true 


wend. Edwin Raymond Theis. 


COUNCIL MEETING MINUTES 


A meeting of the Council of the American Leather Chemists Association 
was held at the Ohio Leather Company, Girard, Ohio on October 24, 1950. 
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President Koppenhoefer presided. All Officers and Ordinary Members of 
Council were present. Mr. Dean Williams was a visitor. 

The minutes of the meeting held at the close of the Annual Meeting were 
read and approved. These were published in the October issue of the Journal. 

Dr. Turley, Technical Coordinator, reported that some confusion existed 
in reference to the Physical ‘Testing Subcommittee. Dr. Koppenheofer is to 
write to Mr. M. Maeser and Mr. J. Harnly and make satisfactory arrange- 
ments. Motion was made and seconded and unanimously carried approving 
that the chairman of a permanent committee be allowed to serve both on 
permanent and subcommittee, if desired. 

The Secretary was instructed to write each committee chairman, and to 
put a note in the Journal to members, asking them to advise the Secretary 
of any changes or corrections which it would be desirable to make in the 
methods. These corrections must reach the Secreatary within sixty days. 

Upon motion made, seconded and unanimously carried, it was agreed to 
discharge the ALCA-FSB Committee when they make their final report to 
Council. The Secretary is to write them asking for this report. All Future 
matters concerning KK - L - 311 are to be referred to the new Standards and 
Specifications Committee, Mr. C. Telander, Chairman. Mr. Telander as 
chairman of the chemical section of the FSB -ALCA Committee reported 
progress on the revision of KK - L - 311 and called Council’s attention to the 
matter of a grease determination method. Council considered the matter 
and also the matter of nitrogen determination was discussed. These matters 
had already been referred to the committee on Pretannage Processes and are 
being investigated by Dr. Merrill. 

Report of Committees. 

Vegetable Leather - No report by G. W. Schultz. Dr. Turley reported 
that he had some correspondence with Mr. Schultz and advised him that 
the chairman was to select his subcommittee chairman and the Council 
would approve his choice. 

1. D. Clarke, chairman of the Hide Powder Subcommittee had no report. 

The matter of International Union Commissions was briefly discussed. 


‘There are two such commissions: 
(1) Hide Powder, which is assigned to our Tannin Analysis Subcommittee. 


(2) Leather Analysis, which has not yet been assigned. 


A letter from Mr. Standberry was read in which he asked about the pro- 


posed methods for determining iron and copper. It was reported that these 
items were reported to Editor Williams (letter of September 10, 1948) and 
through some oversight were not published. These will be included in the 
next issue of the Journal. 

French Chrome Hide Powder is a separate subcommittee and has Mr. L. 
Sheard as chairman. Mr. Sheard reported a plan of work to President 
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Koppenheofer on January 15, 1950. President Koppenhoefer replied to him 
through Mr. G. W. Schultz, who is chairman of the Vegetable Leather 
Committee of which the French Hide Powder is a Subcommittee. The 
Secretary is to write to Mr. Sheard (copy to Mr. G. W. Schultz) asking him 
to carry out the work outlined in the letter which he sent to President Koppen- 
hoefer on January 15, 1950. 

Council instructed the Secretary to write Mr. Sheard with copy to Mr. G. 
W. Schultz asking Mr. Sheard if he would take up the matter of producing a 
quantity of chrome hide powder with the Keystone Tanning and Glue Co. 
When he has some information and estimates of prices he is asked to advise 
Council. 

The Secretary was asked to give Dr. Turley, Technical Committee Coordi- 
nator, a list of all committees, their chairman and status. 

The Mineral Tannage Committee had no report. It was suggested that the 
previous correspondence from Dr. R. M. Lollar be given to Dr. Seligsberger 
through Dr. Turley. Also the Kube!ka factor for chrome is to be suggested 
as a suitable matter for this committee to look into. Dr. Seligsberger is to be 
informed that he is to select the members he desires for his committee and 
Council will approve. Dr. Turley is to write to Dr. Seligsberger about these 


and other matters. 
There was no report from the Physical and Mechanical Property Commit- 


tee. The Secretary was instructed to write Mr. Maeser and ask him to 
obtain a statement from Mr. Charles Mann of the Sampling Subcommittee 
on the program which his committee is planning to work on. 

There is still a Physical Testing Subcommittee on Flame Resistance. The 
report of this subcommittce has been submitted for publication in the Journal. 
Dr. Lollar reported that he had prepared a description of a method and sent 
it to Mr. Maeser but had received no reply concerning it. The Secretary is to 
write Mr. Maeser and inquire about this. 

New Analytical Techniques Committee—No report. 

Tannery Practice Committee—No report. 

The Subcommittee on Stream Pollution submitted a report on the New 
England Industrial Waste Conference. This report has been mimeographed 
by the Secretary’s Office and copies made available through the Tanners’ 
Council. Editor Williams is to get in touch with Mr. Reuning and prepare a 
suitable abstract for publication in the Journal. 

The report of the Auditing Committee was read, approved and submitted 
for publication. 

A lett. from Mr. Lincoln was read and it was ordered pubiished in the 
Journal, together with the Secretary’s letter to Mr. Lincoln. 

Dr. Flinn sent in a report on the proposed budget for the 1951 meeting. 
It was agreed that in the future only one original copy and two copies of the 
proceedings of the Annual Meeting be ordered, which would reduce the 
reporting cost. 
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A letter was read from Dr. Hobbs in reference to his committee on By-Laws. 
He asked for some suggestions on nominations of candidates for office. 


Council made the following recommendations: 


(a) That Council appoint a nominating committee and this com- 
mittee prepare a list of candidates for presentation to the 
membership. 


(b) That any group of fifteen members be permitted to nominate a 
candidate for office. 
The details for these suggestions are to be supplied by the committee now 
revising the By-Laws. 

Upon motion made and seconded and unanimously carried it was ordered 
that no Council Members succeed themselves in office. 

The Business Committee reported that they would make a formal report 
at the February Meeting. 

Dean Williams, the Editor, reported on printing costs and paper. Council 
asked that 25 copies of the next issue going to press be printed on a cheaper 
paper and kept separate from the regular Journals, these to be inspected by 
Council. 

The Editor reported that the cost of compiling a 10 year index (1925- 
1935) would entail one year’s time and cost $15,000.00 Council authorized 
the President to include in his Annual Letter a note regarding this and to 
enclose return post cards on which interested members could indicate whether 
they would buy a copy of this index at $10.00 per copy. 

Dr. Koppenhoefer reported that Mr.'Teas had phoned to him and regretted 
that he could not attend the Council Meeting. 

Council recommended that the Convention Committee announce at the 
opening meeting of the Annual Convention that all papers presented at the 
Annual Meeting are the property of the ALCA for publication in the Journal 
unless released by a written statement from the Editor; that this fact be 
included in the instructions furnished to persons selected for papers and to all 
persons whose papers are accepted for presentation at the mecting. 

Dr. R. Hobbs was approved by Council as a new member of the Editorial 
Board to succeed the late Mr. Winheim. 

The Resolutions made by the Business Committee were considered and the 
following recommendation was made to the By-Laws Committee: 


Include an article to the effect that the expenditure of money for extra- 
ordinary purposes (other than routine expenses) shall be approved by the 
membership. After a full discussion, Council decided that the decision as to 
what constituted routine expenses is a matter for Council action since, ob- 
viously, small items of expenditure out of the ordinary could not be referred 
to the membership. 


Memorial Resolutions were ordered for the passing of A.H.Winheim and 
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T. F. Oberlander. These are to be arranged for by the President, then spread 


on the minutes and copies are to be sent to the widows of the deceased. 


ADE H. WINHEIM 


At a meeting of the Council of the American Leather Chemists Association 
held October 24, Nineteen Hundred Fifty, the following Memorial was unani- 
mously adopted: 


Whereas, Ade H. Winheim, past President of the American Leather 
Chemists Association departed this life on the Third Day of June, 1950: and 
Whereas, his most untimely passing has deprived his industry, his as- 
sociates and his countless friends of the inspiration of his leadership, and 

Whereas, in his passing the American Leather Chemists Association has 
lost one of its most progressive leaders. Now, therefore, be it 

Resolved, That the entire membership of the American Leather Chemists 
Association, its officers and directors, record large upon the minutes of the 
Association, our admiration and deep affection for Ade Winheim, and our 
great sense of loss in his passing. 


THEODORE F. OBERLANDER 


At a meeting of the Council of the American Leather Chemists Association 
held October 24, Nineteen Hundred Fifty the following Memorial was unani- 
mously adopted: 


Whereas, Theodore F. Oberlander, past President of the American Leather 
Chemists Association departed this life on the Tenth Day of June, 1950: and 
Whereas, his untimely passing has deprived the industry of one of its out- 
standing technicians, and his friends and associates of the benefits of his 
counsel and advice, and 

Whereas, in his passing the American Leather Chemists Association has 
lost one of its staunch supporters and an acknowledged leader. Now, there- 
fore, be it 

Resolved, That the entire membership of the American Leather Chemists 
Association, its officers and directors, record large upon the minutes of the 
Association, our admiration and affection for Ted Oberlander, and our great 
sense of loss in his passing. 

And, be it further Resolved, That a copy of this Memorial be delivered to 
his wife as a sincere expression of our feelings. 


Council unanimously ordered a Winheim Memorial Award to be given 
every other year for the next ten years. Dr. Windus is to prepare the details 
of the award. 
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ADE WINHEIM MEMORIAL AWARD 


The American Leather Chemists Association desires to honor the memory 
of Mr. Ade Winheim for his tireless and devoted efforts in behalf of the pro- 
gress of the Association. 

To this end the Ade Winheim Memorial Award is hereby established. 
This award shall consist of a cash prize of one hundred dollars from the funds 
of the Association. It will be granted to a student for the presentation of a 
meritorious paper. The award will be determined by the ALCA Awards 
Committee. The prize will be given biennially for a period of ten years. 


Mr. Robert Cushing, one of the original members, was made a Life Mem- 
ber. The Secretary is to so advise him. 
The resignation of Mr. John L. Wilson was accepted. 

It was agreed that Dr. Koppenhoefer would answer the Dorothy Jordon- 
Lloyd Memorial correspondence. The vote by members was 58 Yes, 102 No. 
Twenty-eight members were ordered dropped for non-payment of dues. 

There being no further business, upon motion duly made, the meeting was 
adjourned. 


FRED O’FLAHERTY, Secretary. 


Studies in Two-Bath Chrome Tanning 


I. The Influence of the Reduction Bath on the Fixation and Distribution of 
Chromic Oxide and Sulfur in Leather. 


KarL KLANFER and Paut KENEDI 


Chemical Laboratory of the S. A. Cortume Carioca, 
Rio de Janeiro, Brazil 


While the one-bath chrome tanning process has been the subject of very 
intensive studies, the two-bath process has been investigated rather inade- 
quately. The reason for this is the much greater commercial importance of 
the one-bath process. However, the two-bath process is still used for the 
manufacturing of certain types of leather, especially for glazed kid, some 
technical and mechanical leather, and sometimes also for the tanning of 
horsehides and sheepskins; therefore, studies of the two-bath process should 
be of interest. In recent times, the two-bath process has been studied by 
Stiasny and Papayannis! and by Theis and Kalb 2. 

Our present contribution concerns mainly the mechanism of the second 
bath. The method of layerwise analysis of the leather was used in these in- 
vestigations. ‘This method, which Kritzinger and Theis * call stratographic 
analysis, has been successfully used for the study of the one-bath chrome 


*Presented at the Forty-Fifth Annual Meeting of the American Leather Chemists Association, The Mon- 
mouth Hotel, Spring Lake. Tune 24. 1949 
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tanning by several authors, especially by Schindler and Klanfer4 by Theis 
and Weidner® and by Kritzinger and Theis 8. 


A. EXPERIMENTAL 


Brazilian goatskins were soaked, limed and bated. An overnight bate was 
used and the skins were almost completely delimed. From these bated skins, 
heads, bellies and shanks were cut off and the remainder was cut into squares, 
weighing 10 grams each and about 9 square inches (3 x 3 inches) in area. 
For each series of experiments a rather large number of these skin squares 
was used (about 60 to 8&0). 

These bated skin squares were thoroughly washed and, unless stated to the 
contrary, received a pickle (in a glass drum) consisting of 100 per cent water, 
6 per cent salt and 2 per cent hydrochloric acid for 2 hours. The percentage 
weights for the pickle and for the first and second bath were calculated on 
the weight of the bated skins. After pickling the skins were transferred to the 
first bath consisting of 200 per cent water, 5 per cent sodium bichromate 
and 2.5 per cent hydrochloric acid (*). In this first bath the skins ran for 6 
hours and were left overnight in the bath. The next day the skin pieces were 
taken out and piled up for 24 hours. 

These skin pieces, which all had the same first bath, were now placed in the 
reduction bath. This reduction bath was made up with 300 per cent water, 
15 per cent hypo and varying amounts of hydrochloric acid. ‘The hydro- 
chloric acid was added in 4 equal feeds, each 15 minutes apart. The skins ran 
for 6 hours in the reduction bath and were left overnight in the bath. The 
following day, the skin pieces ran for 2 hours and were then taken out, piled 
up for 24 hours, then washed in running water for 2 hours, then dyed cithout 
shaving, fatliquored and dried. The leather pieces were then split into 5 
layers, the splitting being done as described by Schindler and Klanfer 4. 

An analysis was carried out on the unsplit leather as well as on each layer 
for nitrogen, chromic oxide and sulfur. Nitrogen was determined by the Kjel- 
dahl method, chromic oxide by the fusion method and sulfur by the method 
of A. Castiglione 6. 


B. First Series or EXPERIMENTS 


The first series of experiments was carried out along the lines previously 


described, varying the amounts of hydrochloric acid in the second bath 


between limits of 3 - 8 per cent. 
a—Changes of pH During the Reduction 
Table I and Figure 1 show the changes in the pH values in the reduction 


bath. Following the addition of acid, the pH is lowered, but during the reduc- 
tion, acid is used up and the pH increases. We call the pH at the end of the 


*Hydrochloric acid refers to the solution containing 33 per cent HC1 
Sodium bichromate refers to NagCrgO7.2H2O, hypo means Na2So03.5H20. 
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TABLE I 


‘hanges of pH in the Reduction Bath 


First series of experiments) 


pH 7 


s 5% HC) 
TIME 3% Y 5% HC] 6% HCI 7% 8% HCl 3% Formate 


Ist addition 15 min. 7 a Ss. 5.60 74 
.62 
.00 
»? 


26 
30 
34 
35 


2 


30 


- vi 


2nd addition 30 min. 7 ; 5.23 
3rd addition 45 min. 
4th addition 1 Hour 
1 hour, 15 min. 


61 
51 
74 
.92 
12 
.18 
17 
.20 


1 hour, 30 min. 
2 hours, 30 min. 
3 hours, 30 min. 
+ hours 
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Changes of the pH in the reduction bath. (First series of experiments.) 
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reduction, on the following day when the skins were taken out, theend pH. 
For instance when we used 4 per cent hydrochloric acid, the pH fell after the 
addition of the acid to pH 3.34, but afterwards increased to an end pH of 
4.71. The diagram is somewhat simplified. Actually after each addition of 
acid the pH is lowered rapidly and increases afterwards. With the next 
addition of acid the pH is lowered further and so on. Our diagram shows 
only the pH values immediately before the next addition of acid occurs; 
therefore it shows only one lowest point of pH instead of showing four suc- 
cessively lower points. 


TABLE II 


Effect of the pH of the Reduction Bath on the Stratographic Distribution 
of Chromic Oxide. 


(First series of experiments) 


Per Cent Chromic Oxide 


Reduction Difference 
at Grain Flesh Grain- 
—% HCl End pH Grain Middle Middle Middle Flesh Middle 


24 : 7.15 
71 5. .40 
3.98 ; 5.18 
3.20 : .79 


18 ; 3.90 


.10 
04 
40 
74 


3.90 6.4 9.70 ae 
7.48 .94 
6.04 .23 
96 
.22 


te Ww 
co + 
“Nw Nw WD 


NReww ew 
co =! 


Nhe ww 


33 a: 3.50 


we 


95 


With 3 Per Cent Sodium Formate Added 


06 3.60 3.51 3,99 4.8 


b—Stratographic Analysis of the Leather. 
Chromic Oxide Content 
Table I] and Figures 2, 3 and 4 give the results obtained by the analy- 
sis of the leather. The leathers were split into five layers (grain, grain 
middle, middle, flesh middle and flesh) and an analysis of each layer was 
carried out; further, the unsplit leather was analyzed. 


First we shall consider the chromic oxide values of the unsplit leather. 


Table II and Figure 2 show the chromic oxide values of leathers obtained 
with different amounts of hydrochloric acid in the second bath. We see 
that with increasing amounts of hydrochloric acid the chromic oxide de- 
creases. For instance when we used 4 per cent hydrochloric acid the 
leather contained 5.70 per cent chromic oxide calculated on the hide 
substance. When 7 per cent hydrochloric acid was used, however, the 
corresponding chromic oxide figure was 3.60 per cent on the hide sub- 
stance. We can also plot the results against the end pH of the second 
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FIGURE 2.—Influence of the end pH and the amount of hydrochloric acid in the reduc- 


tion bath on the chromic oxide fixation. (First series of experiments). 


bath, and note that with increasing end pH leathers with increasing chro- 


mic oxide content result. 


Table II and Figure 3 show the results obtained by the stratographic 


analysis. These figures and curves are interesting since they show the 


actual part played by the acidity of the second bath on the vertical dis- 


tribution of chromic oxide. At the bottom of Figure 3 we have the curve 
at pH 2.33 and above this the curve at pH 2.78, while on top is the curve 
at pH 6.24 showing the highest content of chromic oxide. We note further 
that the grain and the flesh layers in all cases contain more chromic oxide 
than the middle and other layers. The leathers coming from a second 
bath with a low pH give flatter curves, i. e. the grain does not contain 
much more chromic oxide than the middle and the distribution of chromic 
oxide is more uniform. On the other hand, leather reduced at a higher 
pH shows greater differences between the chromic oxide content of grain 
and middle, i. e., the vertical distribution of chromic oxide is not uni- 
form. 


The significance of these results is shown to better advantage in Figure 
4, which shows the difference between the chromic oxide content of grain 
and middle layers against the end pH. We note that up to pH 4 there is 
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FIGURE 3.—Effect of the end pH of the reduction bath on the stratographic distribution 
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of chromic oxide. (First series of experiments). 


TABLE III 


Effect of the pH of the Reduction Bath on the Stratographic 
Distribution of Sulfur. 


(First series of experiments) 


Per Cent Sulfur 





Difference 
Grain Flesh Grain- 
End pH Total Grain Middle Middle Middle Flesh Middle 





= 


mN ww 


0.48 0.38 0.32 > . 30 . 68 0.09 
0.67 0.69 .62 : .44 . 80 0.29 
0.87 0.81 eh 41 .50 .90 0.40 
0.97 1.13 .82 45 .58 .02 0.68 
i138 1.34 . 84 is . 63 .03 0.84 
1.14 1.44 0.86 Lae . 68 1.20 0.91 


With 3 Per Cent Sodium Formate Added 


0.39 0.30 0.27 0.32 0.55 0.12 
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FIGURE 4.—Effect of the end pH of the reduction bath on the difference between the 
chromic oxide content of grain and mirdle. (First series of experiments). 


little change. Above pH 4 this difference increases rapidly; small changes 
of pH bring about big changes in the vertical distribution of chromic 
oxide. 


2—Sulfur Content 


Table III, Figures 5, 6 and 7 show the results of the sulfur determina- 
tion. Figure 5 shows the sulfur content of the unsplit leather at different 
acidities of the second bath. At a high end pH the sulfur content is small 
and at low pH values the sulfur content is high. This effect is just the 
opposite of the effect of p H on chromic oxide. A low pH in the second bath 
results in leathers having the maximal values of sulfur and the minimal 
values of chromic oxide. A high pH in the second bath produces leathers 
with a high chromic oxide content and a low content of sulfur. 

The sulfur was also determined in the leather split into five layers. 
Table III and the stratogram in Figure 6 show that the effect of the pH 
on the sulfur distribution is the reverse of the effect on the chromic oxide 
distribution. The curve with the end pH 6.24 at the bottom of the figure 
is rather even. The curve with the end pH 4.74 is the next higher one, 
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END pH % HCL 


FIGURE 5.—Effect of the end pH and the amount of hydrochloric acid in the reduction 
bath on the sulfur fixation. (First series of experiments). 


and is less even. At the top are the curves with the end pH of 2.33 and 
2.78 and both curves are very uneven. If the reduction is carried out at a 
low pH big differences in the sulfur content of grain and middle result; 
while if the reduction is carried out at a higher pH small differences 
between the sulfur content of grain and middle result. Or we can say 
that: 


ata high pH..............even distribution of sulfur 
uneven distribution of chromic oxide 
at alow pH...............even distribution of chromic oxide 
uneven distribution of sulfur 


These relations can be shown in the difference diagram in Figure 7. 
We see that the difference between the sulfur content of the grain and 
the sulfur content of the middle is large at a low pH and small at a high 
pH, which is the reverse of the effect noted for chromic oxide. 
c—Shrink Temperatures 
As could be expected the pH of the second bath has a marked influence on 
the shrink temperature. Figure 8 shows the shrink temperature after com- 
pletion of tanning at different end pH levels, and it is noted that the shrink 
temperature increases with increasing pH up to pH 5 while above an end pH 
of 5 the shrink temperature is lowered, 
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FIGURE 6.—Effect of the end pH of the reduction bath on the stratographic distribftion 
of sulfur. (First series of experiments). 


d—E ffect of Masking Agents 


We know, especially from the work of Theis and Kritzinger’ and of 
E. Stiasny 7, that complex forming agents added to the chrome solution of 
the one-bath tanning process tend very strongly to even out the vertical 
distribution of chromic oxide in the leather. Stiasny and Papayannis! 
observed a similar effect by using formic acid in the first bath of two bath 
tanning. We find that the addition of masking agents to the second bath in 


the two-bath tanning, results in a very uniform vertical distribution of chromic 
oxide and sulfur in the leather. 


lor this experiment we used the same procedure as in the previously de- 
scribed experiment. Skin pieces, which were pickled and received the first 
bath together with the skin pieces from the first series of experiments, were 
tanned in a reduction bath containing 15 per cent hypo and 5 percent hydro- 
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FIGURE 7,—Effect of the end pH of the reduction bath on the difference between the 
sulfur content of grain and middle. (First series of experiments). 


chloric acid; 3 per cent sodium formate was added to the hypo solution before 
adding the acid. 

Table I and Figure 1 show that the pH curve of the formate addition is 
higher than the corresponding curve with 5 per cent of hydrochloric acid. 
The pH curve of the second bath with 5 per cent hydrochloric acid shows an 
end pH of 3.98 while the curve with 5 per cent hydrochloric acid and 3 per 
cent added sodium formate has an end pH of 4.43. Although the curve of 
the formate addition shows higher pH values, it has a similar course as the 


curves with the lowest pH and is actually parallel to the curve with 8 per 
cent hydrochloric acid without formate. 


An analysis was carried out on this leather after splitting into 5 layers. 
Table II and Figure 9 show the stratographic distribution of chromic oxide 
in the leather from the reduction bath to which 3 per cent sodium formate 
was added. For comparison Figure 9 includes the stratogram of the leather 
from a reduction bath with the same amount (5 per cent) of hydrochloric 
acid (end pH 3.98) and the stratogram of the leather with 4 per cent hydro- 
chloric acid (end pH 4.71). We see that the curve representing the sodium 
formate addition is at the bottom of the diagram and is the most even curve. 
According to the end pH this curve should be between the pH 3.98 and the 
pH 4.71 curve, but because of the effect of the complex forming sodium for- 
mate the curve shows the lowest amount of chromic oxide and the smallest 
differences between the chromic oxide content of grain and middle. Thus, 
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FIGURE 8.—Influence of the end pH of the reduction bathon the shrink temperature. 
(First series of experiments). 


the addition of sodium formate to the second bath brings about a more 


uniform vertical distribution of the chromic oxide, but the total amount of 
chromic oxide in the leather is smaller. 


It is interesting that the addition of sodium formate has a similar effect 
on the distribution of sulfur. Table III] and Figure 10 show the sulfur 
distribution in leather from a reduction bath with an addition of 3 per cent 
sodium formate. The curve at the bottom of Figure 10 shows the sulfur 
distribution in the leather with the added sodium formate. As in Figure 9, 
we also give the stratogram of the leather with the same amount of hydro- 
chloric acid (5 per cent), and the curve with 4 per cent hydrochloric acid in 
the reduction bath. The curve from the leather with the sodium formate 
addition to the reduction bath shows the lowest values of the sulfuranda 
much more even distribution than the two other curves. The addition of 
sodium formate to the second bath has a similar effect on the sulfur distribu- 
tion as on the chromic oxide distribution. The total amount of sulfur in the 
leather is smaller but the vertical distribution of sulfur is more uniform. 
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FIGURE 9.—Influence of the addition of 3 per cent sodium formate to the reduction 


bath on the stratographic distribution of chromic oxide. (First series of 
experiments). 


TABLE IV 


Changes of the pH in the Reduction Bath. 
(Second series of experiments. Pre-reduction before the reduction bath) 


pH 
5 Per Cent 
HCl 
2 Per 3 Per 5 Per 6Per 7 Per 8 Per 3 Per Cent 
Cent Cent Cent Cent Cent Cent Na 
Time HCi HCl HCl HC] HCl HCl Formate 


.46 
20 
.24 
.64 
76 
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| 
| 
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ist addition 15 min. 54 
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45 
.85 
.07 
.56 


5 .18 
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FIGURE 10 


Influence of the addition of 3 per cent sodium formate to the reduction 
bath on the stratographic distribution of sulfur. (First series of exper- 
iments). 


rABLE \ 


Effect of the pH of the Reduction Bath on the Stratographic 
Distribution of Chromic Oxide. 
Second series of experiments. Pre reduction before the reduction bath) 
Per Cent Chromic Oxide 
Difference 


Grain- 


Middle 


Flesh 
Middle 


Grain 
Middle Middle 


Total Grain 


Flesh 


50 05 
«Oe 47 
65 : 


3 40 ;. 20 
4 
4 
27 4 4.27 
3 
2 
2 
2 


80 7.50 
96 .70 
a 5.44 
.90 .70 
43 10 
.40 08 
80 3.44 


50 
30 
30 
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C. Seconp SERIES OF EXPERIMENTS 


In practice a so-called pre-reduction is often applied before the second 
bath. After the first bath, the skins are usually set out and then dipped in a 
solution of hypo and acid. The skins are then piled up, and after several hours 
put into the second bath. We carried out a series of experiments to study the 
effect of this pre-reduction on the distribution of chromic oxide and sulfur. 
The procedure used in these experiments was similar to that used in the 


former series of experiments, except that after the first bath the skin pieces 


were slightly set out and dipped in a solution consisting of 100 parts water, 
7.5 parts hypo and 4 parts hydrochloric acid. After dipping the skins were 
piled up and on the next day separate lots were put in a series of second baths 
with 15 per cent hypo and varying amounts of hydrochloric acid. Table IV 
records the changes in the pH during the second bath. 
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FIGURE 11.—Effect of the end pH of the reduction bath on the stratographic distribution 
of chromic oxide. (Second series of experiments. Pre-reduction before the 
reduction bath). 
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Stratographic Analysis of the Leather 

1. Chromic Oxide Content 

Table V and Figure 11 show the chromic oxide values of the resulting 
leathers which were split into five layers. This stratogram shows a rather 
similar picture to the stratogram of the former series of experiments. 
Low end pH values give smaller chromic oxide values and a more even 
distribution of the chromic oxide throughout the leather. Ata higherend 
pH we have again higher chromic oxide values and an uneven distri- 
bution. 
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FIGURE 12.—Effect of the end pH of the reduction bath on the difference between 
chromic oxide content of grain and middle. (Second series of experiments. 
Pre-reduction before the reduction bath). 


Figure 12 dows the curve of the differences between the chromic oxide 
content of the grain and the middle plotted against the end pH of the 
reduction bath. Over a comparatively large part of the curve, from pH 2 
- pH 4.8, there is no increase in this difference; however, at higher pH 
values, above about pH 5, a rapid increase occurs. The difference diagram 
from the former series of experiments (Figure 4) without pre-reduction 
showed a rapid increase of this difference above pH 4. It seems that the 
pre-reduction makes a more even distribution of the chromic oxide 
possible over a larger pH range. 


2. Sulfur Content 


Table VI and Figure 13 show the stratographic distribution of sulfur 
in the pre-reduced leather. As in the sulfur stratogram from the first 
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TABLE VI 
Effect of the pH on the Stratographic Distribution of Sulfur 
(Second series of experiments. Pre-reduction before the reduction bath) 


7 7 Per Cent Sulfur ; - 
Reduction at Difference 
Per Cent : Grain Flesh Grain- 
HC! Grain Middle Middle Middle Flesh Middle 


Total 

0. 2! 0.11 0.05 0.01 0. 
0. 0.53 . 26 0.13 0. 
0.78 .39 0. 36 G3 

1.14 .59 0.62 0. 

L.3 91 .74 a; 
1.98 .90 0.88 Ks 

2.16 . 86 0.73 a: 
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FIGURE 13.—Effect of the end pH of the reduction bath on the stratographic distribu- 
tion of sulfur. (Second series of experiments. Pre-reduction before the 
reduction bath). 
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series of experiments, at low pH levels an uneven distribution and greater 
amounts of sulfur result, while at a high pH, an even distribution and 
smaller amounts of sulfur result. The total amount of sulfur is some- 
what higher in the pre-reduced leather than in the leather which did not 


receive a pre-reduction. 
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FIGURE 14.—Effect of the end pH of the reduction bath on the difference between the 
sulfur content of grain and middle. (Second series of experiments. Prere- 
duction before the reduction bath). 


Figure 14, which shows the differences between the sulfur content 
of the grain and the sulfur content of the middle plotted against pH, 
gives a similar picture to the curve of the leather which has not been pre- 
reduced (Figure 7). 


3. Effect of Masking Agents 

The addition of 3 per cent sodium formate to the reduction bath also 
resulted in the case of pre-reduced leather in a more uniform distribution 
of the chromic oxide. Further, the total amount of chromic oxide was 
also smaller. Also, the distribution of sulfur is evened out, and the total 
amount of sulfur in the leather is smaller through the presence of sodium 
formate in the second bath. Figure 15 and Figure 16 show this effect of 
the addition of sodium formate to the second bath on the vertical distri- 
bution of chromic oxide and sulfur in the leather. The curve with 3 per 
cent sodium formate and 5 per cent hydrochloric acid has in this series of 
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experiments an end pH of 3.83. For comparison the curves without 
formate with 4 per cent hydrochloric (end pH 3.92) and with 5 per cent 
hydrochloric acid (end pH 3.22) are added. In both diagrams the curve 
from the addition of sodium formate to the second bath is at the bottom 
and is the flattest curve. 
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FIGURE 15.—Influence of the addition of 3 per cent sodium formate to the reduction 
bath on the stratographic distribution of chromic oxide. (Second series of 
experiments. Pre-reduction before the reduction bath). 


TABLE VII 
Changes of the pH in the Reduction Bath 
(Third series of experiments, without a pickle) 
pH 


7 Per Cent 
HCl 
1.5 4.0 5.5 7.0 8.5 10.0 3 Per Cent 
Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Na 
HCl HCl HCl HCl HCl HCl Formate 


TIME 


a 


ist addition 15 min. 5.80 5.70 
2nd addition 30 min. 5.80 5.68 
3rd addition 45 min. 5.80 5.52 
4th addition 1 hour 5.78 .90 
1 hour, 30 min. 5.92 5.16 
2 hours . 24 5.60 
3 hours .48 .14 
4 hours .60 .18 
22 hours .28 
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FIGURE 16.—Influence of the addition of 3 per cent sodium formate to the reduction 
bath on the stratographic distribution of sulfur. (Second series of ex- 
periments. Pre-reduction before the reduction bath). 


D. Tutrp Series or EXPERIMENTS 


The experiments described so far were all carried out with a pickle before 
the first bath. In the practice of two-bath tanning this pickle is often omitted 
and the skins come directly after bating and washing into the first bath. 
‘To approximate this practice we repeated the first series of experiments 
leaving out the pickle. Table VII shows the changes of the pH during the 
reduction of the unpickled leather and we note that by leaving out the 
pickle we reach higher pH values. 


Stratographic Analysis of the Leather 


1. Chromic Oxide Content 

Table VIII and Figures 17 and 18 give the results of the leather 
analysis and show the effect of the pH of the second bath on the chromic 
distribution. 

The stratogram in Figure 17 shows that the unpickled leather has a 
higher chromic oxide content than the pickled leathers with the same 
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TABLE VIII 
Effect of pH on the Stratographic Distribution of Chromic Oxide 
(Third series of experiments, without a pickle) 


Per Cent Chromic Oxide on Hide Substance ae 

Reduction at Difference 
Per Cent End Grain Flesh Grain- 
HCl pH Total Grain Middle Middle Middle Flesh Middle 


5 7.28 
0 .28 
5 84 
0 3.70 
a .66 
.0 ae 


5.56 3.58 2.70 4.20 9.65 
6.90 4.10 3.80 6.14 10.60 
7.98 5.68 5.60 7.10 3.45 
6.55 4.70 4 5.30 .00 
3.94 2.90 2.93 3.68 5.40 
3.50 .39 2.40 3.26 
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FIGURE 17.—Effect of the end pH of the reduction bath on the stratographic distribution 
of chromic oxide. (Third series of experiments, without a pickle). 
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end pH (Figure 3). The distribution seems to be more uneven than in the 
former stratogram. At the bottom are the curves with the end pH of 2.12 
and 2.66, both with a comparatively even distribution. At the top the 
curves with the end pH of 4.84 and 3.70 both show a rather uneven dis- 
tribution. The curve of the end pH of 6.28 is deeper than the pH 4.84 
curve signifying a lower chromic oxide value, and the curve with end pH 
of 7.28 indicates a still lower chromic oxide value, with both curves 
showing a very uneven distribution. 

These relations are shown more clearly in Figure 18 where the chromic 
oxide values of each layer separately and of the unsplit leather are plotted 
against the end pH. The chromic oxide contents of all layers increases 
with increasing end pH up to a maximum which in most layers is about 
pH 5, while above this pH the chromic oxide decreases again. Only the 
flesh sides show an increase up to pH6,and decreases above this pH. 
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FIGURE 18.—Effect of the end pH of the reduction bath on the chromic oxide content 
of the separate layers and the unsplit leather. (Third series of experiments 
without a pickle). 
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‘The small increase of the chromic oxide in the unsplit leathers between pH 
5 and 6 is apparently due to the higher maximum for the flesh sides. 

It should be remembered, however, that in all experiments the leathers 
were not shaved and what we call flesh sides would under factory con- 
ditions go in the shaving splits. Had the leathers been shaved, then the 
analysis of the unsplit leathers would also show an increase of the chromic 
oxide values up to a maximum at the end pH 5 and a decrease above 
this pH. 
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FIGURE 19.—Influence of the end pH of the reduction bath on the shrink temperature 
(Third series of experiments, without a pickle). 


As Figure 19 shows, the shrink temperatures of the leathers after tan- 
ning increase also up to a maximum at an end pH of 5 and decrease 
rapidly above this pH. 

Figure 20 shows the difference between the chromic oxide of grain and 
middle of the unpickled leathers. We see an even distribution of the 
chromic oxide only within a narrow pH range, above an end pH of 3, 
small increases of the pH rapidly increase the difference’ in chromic 
oxide between grain and middle. 

If we compare the difference diagrams in Figures 4, 12 and 20, we can 
say: 

a-Leathers which were pickled and received a pre-reduction showed 

an even chromic oxide distribution for values of the end pH up to 

about 5. 
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%Cr,03 ON HIDE SUBSTANCE 
-_> 


END pH 
FIGURE 20.—Effect of the end pH of the reduction bath on the difference between the 


chromic oxide content of grain and middle. (Third series of experiments, 
without a pickle). 


b-Leathers which were pickled without receiving a pre-reduction 


had a smaller range of uniform chromic oxide distribution up to 
an end pH of about 4. 

c-The unpickled leathers had a still narrower pH range of an even 
distribution up to an end pH of about 3. 


soy int daemads Teena 


2. Effect of Masking Agents 

In the unpickled leather the addition of sodium formate to the re- 
duction bath also brings about a more even distribution of the chromic 
oxide. Figure 21 shows the stratogram of the unpickled leather with the 
addition of 3 per cent sodium formate to the second bath. The amount 
of hydrochloric acid was 7 per cent and the curve of the leather with 7 
per cent hydrochloric acid without the addition of sodium formate is also 
given for comparison. Though the addition of sodium formate raises 
the end pH from pH 3.70 to 4.14 we find a lower content and a more even 
distribution of chromic oxide. 


kx. Fourtu SERIES oF EXPERIMENTS 


In this series of experiments we varied the amount of hypo used in the 
second bath. Everything else was kept constant and after bating and washing 
the skins were pickled and received the same first bath as in the other 
series of experiments. The second bath was carried out with 300 per cent of 
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FIGURE 21.—Influence of the addition of 3 per cent sodium formate to the reduction 
bath on the stratographic distribution of chromic oxide. (Third series of 
experiments, without a pickle). 


TABLE IX 
Changes of pH in the Reduction Bath 
(Fourth series of experiments, variation of amount of hypo) 
nciditieiiinanipliniinininmns snienetuilaalin 


5S Per Cent 10 Per Cent 15 Per Cent 25 Per Cent 30 Per Cent 
Time Hypo Hypo Hypo Hypo Hypo 


59 


Ist addition HCI 15 min. 5.26 .58 

2nd addition HCI 30 min. .02 
3rd addition HCI 45 min. 31 
4th addition HCI 1 hour . 56 


1 hour, 15 min. .60 


. 60 
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.98 
ag 
25 
.38 
47 


.50 
.56 
.74 
.90 


1 hour, 30 min. . 56 13 
31 


33 


2 hours .69 


NmMNNwmN NN Ww & VI 
wOwWwWNHN D&S WwW S&S VI! 


Owowwnwunnuv 


a. 
a 
a. 
Z. 
oe 
3. 
a 
3. 


22 hours .67 


water, 6 per cent hydrochloric acid and amounts of hypo varying from 5 - 30 
per cent. The resulting leathers were then analyzed as in the former series 
of experiments. Table LX gives the changes of the pH during the reduction. 
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TABLE X 


Effect of the Amount of Hypo on the Stratographic Distribution 
of Chromic Oxide. 


(Fourth series of experiments) 


Per Cent Chromic Oxide on Hide Substance 


af Difference 

Per Cent Grain Flesh Grain- 
Hypo q Grain Middle Middle Middle Flesh Middle 
. 26 2.07 3.14 5.00 .29 

3.52 3.33 4.10 5.50 .64 
.00 3.68 4.27 5.74 .54 
28 3.90 4.68 6.00 
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FIGURE 22.—Effect of the amount of hypo in the reduction bath on the stratographic 
distribution of chromic oxide. (Fourth series of experiments. Variation 
of the amount of hypo). 


Stratographic Analysis of the Leather 


1. Chromic Oxide Content 


Table X and Figure 22 contain the results of the analysis showing the 
stratographic distribution of the chromic oxide. In Figure 22 we see at 
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the top the curve with 30 per cent hypo, showing the highest chromic 
oxide values and an even distribution of the chromic oxide. The curve 
below with 25 per cent hypo indicates a somewhat lower content of 
chromic oxide. With 15 per cent hypo the chromic oxide content is still 
lower, and the differences between chromic oxide content of the grain and 
ihe middle are somewhat bigger. With 10 per cent hypo the chromic 
oxide content appears still lower and the distribution less uniform than 
with 15 per cent hypo. With 5 per cent hypo we see the lowest amount 
and a very uneven distribution of the chromic oxide. With increasing 
amounts of hypo the chromic oxide fixation is increased and the distribu- 
tion of chromic oxide is more uniform. From these results it appears to 
be advisable to use an excess of hypo in the second bath and it is in fact 
the usual practice to work with a hypo excess. 
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FIGURE 23.—Effect of the end pH of the reduction bath on the difference between the 
chromic oxide content of grain and middle. (Fourth series of experiments. 
Variation of the amount of hypo). 


In the other series of experiments the pH depended on the amount of 
acid used. In the fourth series of experiments, however, the amount of 
acid used was constant and the pH was varied only by altering the amount 
of hypo. This changes completely the resulting difference diagram. In all 
the other series of experiments the difference between the chromic content 
of grain and middle increased with increasing pH. In the fourth series of 
experiments, however, the pH values depended only on the amount of 
hypo used, i. e., with increasing amounts of hypo the pH increases. 
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Figure 23 shows the difference between the chromic oxide of the grain 
and the middle against the end pH and we see that with increasing pH 
(increasing amounts of hypo) this difference decreases. 


TABLE XI 
Effect of Variation of Hypo on the Stratographic Distribution of Sulfur. 
(Fourth series of experiments) 
Per Cent Sulfur on Hide Substance 


Difference 

Grain Flesh Grain 

End pH Grain Middle Middle Middle Middle 
1.67 5 0 0 0.5 1 0 
2.90 “a 0 0.59 0.7 1.56 0. 
3 1 
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FIGURE 24.—Effect of the amount of hypo in the reduction bath on the stratographic 
distribution of sulphur. (Fourth series of experiments. Variation of the 
amount of hypo). 
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2. Sulfur Content 

Table IX and Figure 24 show the effect of varying amounts of hypo 
and a constant amount of hydrochloric acid (6 per cent) in the reduction 
bath on the stratographic distribution of sulfur. We see with 30 per cent 
of hypo low sulfur values and an even distribution. 25 per cent hypo 
shows somewhat higher sulfur values. The curve with 15 per cent hypo 
indicates again higher amounts of sulfur and on top of the diagram is 
the curve with 10 per cent hypo, both curves show a rather uneven distri- 
bution of the sulfur. The curve with 5 per cent hypo has no sulfur in the 
middle layer, it is only present in the grain and flesh side, especially in 
the latter. From these results we can state: If the amount of hydrochloric 
acid is kept constant (6 per cent in this case), then we get, with large 
amounts of hypo, low values of sulfur and an even distribution. With 
smaller amounts of hypo the sulfur values are higher and the distribution 
is uneven. 


F. ConcLusion 


Many of the processes which have been in practice for a long time, seem to 
aim at an even distribution of the chromic oxide and the sulfur throughout 
the leather. These are the use of a hypo excess, the pre-reduction process, 
the observing of a certain pH range, the use of a pickle; these operations, as 
we have shown, work towards a uniform distribution. It is rather remarkable 
that the practical tanner worked out these operations without any knowledge 


of the vertical distribution of chromic oxide, but only by comparing the re- 


sulting leathers. The contribution which chemistry brings now is the use of 
masking agents during the reduction which greatly aids in effecting a uniform 
distribution of chromic oxide and sulfur in the leather. 

A similar development occurred in the one bath tanning. ‘There also opera- 
tions which have been in use for a long time, were found by stratographic 
analysis, to work towards an even chromic oxide distribution. For instance, 
the observing of a certain basicity, the presence of neutral salts, the use of a 
pickle, the beginning of the tannage at a low pH which is slowly increased 
during the tannage. Also in the one bath tanning the addition of masking 
agents helps in bringing about an even distribution. 

We hope we have given another example of the value of layerwise analysis 
in solving problems of leather technology and chemistry. At a future date we 
hope to be able to report on our studies of the first bath and of the connections 
between the first and second bath. 


G. ‘SUMMARY 


We investigated the reduction bath of the two-bath chrome tanning and 
its influence on the fixation and distribution of chromic oxide and sulfur in 
the resulting leather. We find the following: 





106 LEATHER CHEMISTS ASSOCIATION 


1 - The addition of acid in the reduction bath lowered the pH; during the 
reduction the pH increased again, first rapidly and later more and more 
slowly. The pH of the bath after 22 hours, when the skins were taken out, 
was called the end pH. 

2 - The chromic oxide content of the leather increased with increasing end 
pH of the reduction bath. The stratographic analysis showed that a re- 
duction bath with a low end pH produces leathers with an even vertical 
distribution of chromic oxide, while a reduction bath with a high end 
pH results in an uneven distribution of chromic oxide. 

3 - The effect of the pH on sulfur was found to be the opposite. Increas- 
ing pH of the reduction bath decreases the amount of sulfur in the 
leather. The vertical distribution of sulfur in the leather is uneven at a 
lower end pH and even at a higher end pH. 

4 - When the skins received a pre-reduction process (dipping in hypo- 
acid solution) before the second bath, the upper limit of the pH range for 
an even chromic oxide distribution was extended from pH 4 to pH 5. 

5 - Leaving out the pickle before the first bath lowered the upper limit 
of the pH range for an even chromic oxide distribution to about pH 3. 
6 - The addition of masking agents such as sodium formate to the re- 
duction bath brings about a much more even vertical distribution of the 
chromic oxide and the sulfur throughout the leather. The total amounts 
of chromic oxide and sulfur in the leather are, however, smaller. 

7 - A variation of the amount of hypo in the reduction bath showed that 
an excess of hypo increases the amount of chromic oxide and evens out 
the vertical distribution of chromic oxide in the leather. 

8 - An excess of hypo in the reduction bath decreases the amount of 
sulfur in the leather and brings about a more even distribution of the 
sulfur. 
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In recent years investigations with x-ray diffraction at small angles 2-7, 
11-14, 19,27 and with electron microscopy *!9 15, 16, 1%26 have contri- 
buted information as to the colloidal organization of collagen. Careful 
application of the diffraction method has made possible the development of a 
basic model for the structure of the collagen fibril. The origins of the model 
have been described in a series of papers which feature the mathematical and 
physical aspects of the problems involved *7. In this report are summarized 
the results of these studies, and certain consequences of the model for the 
x-ray diffraction and electron optical investigations are stated. 


Fundamental understanding of the phenomena accompanying the tanning 
of skins and hides requires as an important element a knowledge of how the 
tanning agents penetrate the collagen fibril. Application of the theoretical 
model to a consideration of how phosphotungstic acid (PTA) penetrates 
collagen fibrils is given below. This “electron stain” is widely used in electron 
microscopy, and in its reaction with collagen offers certain similarities to 
the behavior of more orthodox tanning agents. 


A Mopbet For COLLAGEN FIsrit STRUCTURE 


Remarks regarding the diffraction method. 'To understand the results of 
diffraction study one must appreciate certain general characteristics of the 
technique and the information derived therefrom. The simplest approach 
is to regard the diffraction method as an extension of microscopy to resolution 
of the small details which are available when extremely small wave-lengths 
of electromagnetic radiation (x-rays) are employed (cf. Figure 1). Direct 
images can not be formed, however, because of the difficulty of fashioning 
lenses for x-rays. The following contrasts with the familiar procedures of mi- 
croscopy then appear. 

Instead of direct images of the object of interest, diffraction patterns, 
normally available just above the objective of the ordinary microscope, are 
photographed in the x-ray case. The registered pattern is the summation of 

*This paper represents a partial report on research sponsored by the Office of the Quartermaster General, 
Research and Development Branch, under Project No. 130-46 on “Determination of the Nature and Proper- 


ties of Skin Structure” under direction of the Leather Subcommittee of the National Research Council Com- 
mittee on Quartermaster Problems. 


**Present address: Camp Detrick, Frederick, Maryland. 
***Present address: Department of Chemistry, University of Tennessee, Knoxville 
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MICROSCOPE 


Comparison of the microscope and x-ray methods of image formation. A 
beam of light incident from below upon a structured object is split into an 
undiffracted and deviated or diffracted components. The microscope lens 
objective) combines these into both diffraction and direct images as shown, 
but the x-ray method can only record the former. A stop is interposed in the 
path of the central or dioptric beam to avoid halation of the film. 


all of the diagrams which the elements (fibrils, in the case of collagenous tis- 
sues) would individually yield. The thickness of the specimen need not be 
small, as in microscopy, for if all fibrils are parallel the summation of their 
individual patterns is more intense than any one could yield. In practise, 
specimens are about one millimeter thick with collagen. 

Definite study of the individual fibrils of a specimen is only possible with 
the diffraction method if all fibrils are nearly alike and well aligned. Among 
the collagenous tissues, tendons are most satisfactory in these respects. While 
most of the diffraction studies herein described have been done with kangaroo 
tail tendon, surveys of a number of different collagen sources 2, 14 suggest 
that the collagens of many vertebrate animals do not differ markedly in 
the respects which are important for the diffraction method, except as 
noted later. 
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The diffraction method must determine the angular deviations of the 
x-radiation, produced by interference between scattered waves emanating 
from the electrons of the atoms of the specimen. In microscopy large-aper- 
ture objectives must be used if small structural details are to be resolved, 
and similarly in diffraction work the evidences of small structures are to be 
observed at wide diffraction angles. Small diffraction angles, on the other 
hand, correspond to the small-aperture lenses of microscopy which are em- 
ployed when large structural features are investigated. In other respects as 
well the diffraction pattern presents a peculiar sort of reciprocal image of 
structure. One important application of this is made below when diffraction 
line length is employed as a reciprocal measure of fibril diameter. 

The incident radiation for diffraction study must be accurately controlled 
and limited as to its direction of approach to the specimen. Instead of the wide- 
aperture illumination furnished by microscope condensers, the x-ray colli- 
mator defines a narrow pencil of rays. This means a limitation of available 
energy and long exposures in obtaining the diffraction diagram. The problem 
of designing cameras with the greatest efficiency consistent with diffraction 
aims is particularly severe at small diffraction angles and has been studied 
by Bolduan and Bear‘, who described cameras suitable for collagen investi- 
gation. The entire range of sizes from the microscopic and colloidal (at small 
angles) to the atomic (at wide angles) are now covered by the x-ray methods. 

The microscope objective recombines all diffraction in proper amplitude 
and phase to form an image of object structure, but the photographic plate 
and other recorders for x-rays measure only intensities of the diffraction 
effects. It is, therefore, impossible ordinarily to “focus” the x-ray diffraction 
pattern, by calculation, into an unique “image”. An x-ray image is often 
secured by devising a model which satisfies certain immediately obvious 
properties of the diffraction pattern. One then revises the model until it is 
consistent with the observed diffraction and other pertinent physical and 
chemical facts. 

Requirements for the model. Some of the major requirements which a model 
of collagen fibril structure must satisfy may be derived from existing facts 
disclosed by x-ray diffraction and electron optical studies: 

(a) The collagen fibril has a large structure which is regularly repeated 
solely along its axis. Transverse to the axis structure is not found to be of 
repetitive nature until one considers much smaller spacings. The axial periodi- 
city may be seen directly in electron micrographs, which show a character- 
istic cross-banded appearance?°. Diffraction patterns show at small angles 
only a set of axially oriented diffractions related to a single fundamental 
fibril period of 600 to 680 A, depending on the condition of the sample ?. This 
large spacing is represented on each diffraction diagram (Figure 2) 


by a series of equally spaced “layer lines” whose separation is inversely 


proportional to the period of the structure. 
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FIGURE 2 Pinhole-camera diffraction patterns of kangaroo tail tendon: (a) with excess 
moisture present; (b) after soaking in water for two months, then drying 
under tension; and (c) after brief exposure to water and drying under tension 
\ll patterns are magnified equally from their original size as obtained from a 
camera with 800 A resolution vertically (axially or meridionally) and 400 A 
horizontally (transversely or equatorially), using filtered CuK radiation and 
a 15-cm. specimen-to-film distance’. Layer-line indices are indicated. 


b) Collagen fibrils often show a tendency toward longitudinal cleavage 
into thinner ‘filaments?’ or “protofibrils?!’’. This is apparent in many 
electron micrographs, but comparable effects may be observed in the diffrac- 
tion diagrams. The latter evidence is observed as a spreading of diffracted 
intensity along individual layer lines transverse to the axial direction ®. 

As is shown in Figure 2a, wet tendon specimens exhibit short lines closely 
applied to the axis of the diagram, indicating a strong coherence of the entire 
fibrillar structure. In this case the fibril may be described as a “smooth 
cylinder’, whose longitudinal section is shown in Figure 3 (left) along with a 
representation of the diffraction pattern expected thereform. The constancy 
of diameter of the cylinder is reflected in the constancy of “length” of the 
diffraction lines, measured transverse to the general axis of the series’. The 


length of each line is inversely proportional to the radius of the cylinder. 
Figure 2c shows particularly clearly that after drying of the material each 
diffraction lengthens transversely, with the increase in length becoming 


greater as lines become removed from the diagram center. This behavior 
indicates that the removal of water has introduced inter-filament, intra- 
fibrillar distortions which reduce the coherence of the structure?. The layer 
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lines near the center of the diagram represent larger features of axial struc- 
ture and the relatively smaller filament distortions or displacements do not 
greatly influence the cross-section of the fibril over which the material scatters 
coherently to these lines. At non-central layer lines, related to finer struc- 
tural details, the distortions are relatively more important and the line 
lengths increase to approach those which the individual filaments would 
produce if independently diffracting. 


(c) The fibrillar structure possesses a feature which may be grossly de- 
scribed as “‘corrugation”’ %, 7. In electron micrographs %, 23 this may be seen 
as a periodic variation in diameter, repeating along the fibril in close associa- 
tion with variations in inherent protein density and in the penetration of 
“electron stains’. Particularly clear diffraction evidence of this character- 
istic is seen with the P'TA-stained specimen whose diffraction pattern is 
reproduced in Figure 4a. The pronounced wing-like extensions of some of 
the layer lines provide evidence that the distortions of the last paragraph 
are more highly developed at some places along the fibril than at others. 
These give rise to the corrugated appearance, as is indicated further below. 


Development of the model. To gain full advantage of the diffraction method, 
with its inherently great resolution and adaptability to quantitative study, 
it was necessary to proceed with detailed consideration of possible models 
in order to eliminate those which do not agree closely with the observed 
diffraction effects. Figure 3 depicts diagrammatically the types of model 
which have been most successful thus far. The greater complexity is en- 
countered in the model for the dry collagen fibril‘ (Figure 3, right), but all 
of its features seem required to explain observed “‘line shapes’, 7. ¢., the 
peculiar ways in which intensity is distributed along individual layer lines of 
such diffraction patterns as Figure 2c. The mathematical formulation of 
this model can not be adequately described in a single drawing, which must 
be supplemented with the following statements. 


Along the axis of the model for the fibril occurs a periodic pattern of “‘per- 
fect’”’ and “imperfect” segments, as well as of the inherent material (or elec- 
tron) density variations which all individual filaments are assumed to possess 
alike. This “mixed perfect and imperfect” model is best conceived relative 
to a hypothetical, completely pefect model, which would be the result of 
shrinking the smoothly cylindrical, moist fibril by dehydration without dis- 
tortion in inter-filament relationships. In the processes accompanying actual 
dehydration, the imperfect levels arise where filament interaction and the 
removal of water permit irregular spacing of the filaments across fibrillar 


cross sections (radial distortion) and also axial displacement of corresponding 


locations on adjacent filaments from perfect matching transverse to the 
fibril axis (axial distortion). 
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Longitudinal sections through perfect (left) and mixed perfect and imperfect 

right) models for collagen fibril structure. Eight filaments (protofibrils 
are shown in each case, with the scale for filament thickness exaggerated 
relative to that for bo, the axial period. Solid areas represent the distorted 
filament locations which constitute the electron optically visible bands a-e. 
Below each model are indicated the types of diffraction layer line each should 
exhibit at small angles. Diffraction components of perfection are the short 
lines shown everywhere for the perfect model and at some line centers for 
the partially imperfect model. The latter also shows components of longi- 
tudinal imperfection, e.g., the long line at k = 9, and components of radial 
imperfection, e.g., the pair of non-central maxima at k = 8. The choice of 
components represented is such as to approach the observed line shapes of 
Figure 2c. 


The imperfection can be described only in a statistical way. The actual 
model assures the following characteristics: (a) that the axial and radial 


distortions need not be of equal magnitude at a given fibril level, but that 
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each remains statistically unchanged over the entire fibril cross section at 
that level; (b) that the parameters describing the distortion of either type are 
periodic functions of axial level; and (c) that the overall periodicity of per- 
fection, imperfection and electron density remains the same all along the 
fibril, so that axially repeated segmental patterns of the fibrilare statistically 
identical. One reasonably expects these details from a priort arguments 
based on the behavior expected of a structure which has regularity, as well 
as disorder, dictated by identical arrays of chemical material (one-dimen- 
sionally structured filaments), assuming that these have a tendency to match 
their structures during the process of transverse aggregation (fibril forma- 
tion). 

Standard mathematical procedures permit the most adequate evaluation 
of the scattering of x-rays by such a model for layer lines which are not too 
close to the center of the diffraction field. It is estimated, for example, that 
the first four layer lines of collagen diagrams are too central for trustworthy 
application of the theoretical relations regarding line shapes and lengths. 
Other limitations of the theory, such as the difficulty of ensuring that in the 
model the neighboring filaments will be distorted with due regard to each 
others space-filling properties, makes it impossible to regard the mixed perfect 
and imperfect model, in its present state of development, as a precise formu- 
lation for the diffraction behavior of actual collagen fibrils. Nevertheless, the 
degree to which this model is capable of accounting for the diffraction by dry 
tendons is remarkable. 

All of the major characteristics of pattern 2c are satisfactorily explained 
by the model. The general expansion of layer lines is predicted to be closely 
a linear function of index, as is observed, and the details of intensity distri- 
bution or shapes of individual layer lines are expected and observed to be 
combinations of three general types of shapes: (a) a central, short peak of 
intensity, whose length is independent of layer-line index and which resembles 
the type of line exhibited by the simple smooth cylinder case (‘‘component 
of perfection’); (b) a longer variety of intensity distribution, with maximal 
expression also at the line center but with length proportional to line index, 


arising from axial distortion (“component of axial or longitudinal imper- 


fections’’); and (c) non-central maxima of intensity, which show increased 
separation from the line center as the index increases and are derived from 
radial distortion (“‘component of radial imperfection’’). 

The relative expressions of the three types of intensity distribution at a 
given layer line depend on “structure factors”, which are functions of the 
specific ways in which the chemical material and the distortions are distributed 
along the fibril structure4. Involved at present is the validity of a general 
type of model which should be capable of accounting for the general character- 
istics of diffraction line shape without reference to details which may differ- 
entiate one particular structure from another of the same type. The more 
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dificult problem of arriving at complete models, capable of explaining the 
relative magnitudes of the structure factors, is still largely unsolved, though 
some suggestions regarding the structure factors will appear below. 


Figure 3 shows, at the appropriate layer lines of the hypothetical diffraction 
patterns, simple representations of pure and compound shapes which approach 
those actually observed on the patterns of Figure 2. In particular, note that 
the existence of both central and non-central intensity maxima together on 
certain of the observed layer lines can be explained only by the postulation 
of regions of perfection and of radial imperfection in the collagen fibrils, and 
not by use of either kind of region alone. 


Consequences of the model. Consider the pertinent quantities which serve 
to describe a dry collagen fibril in the condition corresponding to the pattern 
of Figure 2c. The most accurately derived dimension is the overall period, b,, 
of the axial structure, in this case 627 A as determined from the separation 
between layer lines. The magnitude of the average fibril radius, R, was 
estimated? to be 1000 A from examination of the first layer line, which 
represents such large features of the structure that distortions are ineffective 
in altering its length very materially from that expected of a smooth, perfect 
cylinder with the same thickness as the actual fibril. 


Filament radius, R,, is not immediately calculable from features of the 
small-angle diffraction, but a diffractor like the model of Figure 3b should 
show equatorial diffraction at intermediate to wide angles from which the 
filament diameter may be measured directly. The pertinent diffraction? is 
taken to be the prominent wide-angle equatorial spot which is well known to 
represent a “side-chain” (Astbury *) spacing of 10 to 11 A for dry collagen. 
Consequently, R, == 50 A. 


The theoretical development‘ defined certain parameters of distortion, 
¢,, which express the mean magnitudes of the “root mean square” displace- 
ments between corresponding locations on adjacent filaments in imperfect 
regions of the fibril. Additional subscripts 4 and 6 were added to this symbol 
to distinguish, respectively, the displacements in radial and axial directions. 
The characteristic non-central maxima of radial imperfection, observed 
particularly at the eighth and eleventh layer lines of Figure 2c, occur at 
positions relative to the centers of the lines which indicate that the ratio 
(7,,/%,) is about 1.85, or that the radial and axial displacements are of the 
same order of size. Their absolute magnitude can not be immediately deter- 
mined, though one may reasonably expect them to be roughly of the same size 


as R.. 


o 


In addition to possible differences in the structure factors for the compo- 
nents of perfection and of imperfection, the theory ‘ indicates that the former 
component is favored over expression of either of the components of imper- 
fection at a given k™ layer line by a factor 
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Substitution of the estimated magnitudes of the various quantities shows that 
for the fifth to twelfth layer lines this factor is large (10 to 108). If the evidences 
of imperfection are comparable in intensity to those of perfection at these 
layer lines, the structure factors of perfection must in general be small relative 
to those of imperfection. 

There are two chief ways in which the diffraction components of imper- 
fection may be reduced in intensity relative to those of perfection: (a) by 
increasing the proportion of perfection in the fibril, which in the limit of 
entire perfection results in a specimen exhibiting only the diffraction com- 
ponents of perfection; or (b) by increasing the magnitude of the displacement 
in imperfect regions of the fibril, which according to the arguments of the 
preceeding paragraph also favors the intensification of diffraction by perfect 
regions relative to that by imperfect ones. Physically, the latter procedure 
corresponds to so enlarging the distortions at imperfect locations that the 
latter can no longer contribute appreciable coherent diffraction to the layer 
lines. 

Because the two methods of destroying evidence of imperfection are 
observationally similar in result but almost diametrically opposed as to 
fundamental interpretation, one must seek criteria by which they can be 
distinguished. Note that in perfect fibrillar regions the filaments are all 
strictly parallel and will consequently tend to favor maximum length of the 
total fibril. Increase in amount of perfection by straightening filaments at 


imperfect regions should then result in an increase in overall axial period, 
b,, while general increase in the filament kinking should shorten the period. 


The former case seems to be well typified by the events resulting from 
rehydration of a dried collagen specimen, wherein diffraction evidence of 
imperfection disappears and the axial period increases from the 610-650 A, 
characteristic of most dried specimens, to the range 665-680 A -typical of 
moistened samples. That a considerable increase in coherence of fibril struc- 
ture accompanies hydration of collagen specimens is also indicated by the 
observation of Kaesberg, Ritland and Beeman!!, who found that moist 
specimens show much more intense small-angle diffraction than do dry ones, 

Since dry specimens quite generally show shorter spacings than do moist 
ones, one may conclude that the former generally contain more imperfection. 
Minor differences in period can not, however, provide direct and reliable 
criteria for the indication of small differences in degrees of distortion. The 
large spacings of nearly dry specimens are often appreciably variable with small 
changes of humidity level *, without correspondingly very obvious effects on 
layer-line intensities or shapes. This is understandable if some imperfect 
levels of the fibril are so badly distorted that they contribute little to layer- 
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line intensities while appreciably affecting the fundamental axial period. 


The factor stated above also shows that diffraction components of per- 
fection may be expected to persist to lines of higher index than can the com- 
ponents of imperfection. This behavior can be seen on the original films 
in cases similar to those of Figure 2c; the components of imperfection fade 
with increase in index until they are just barely visible in the neighborhood 
of the twelfth to twentieth layer lines when the central peaks of perfection are 
still apparent. Subsequently described cases of PTA staining also show this 
effect at lower indices (Figure 4b). Since it is often easier to obtain patterns 
with the features of the first twelve layer lines well represented, these generally 
receive most detailed consideration. 

Examination of the model for the dry fibril suggests that introduction of 
distortion at a given locality decreases the density there as compared to that 
of a closely packed, perfect organization of the same material. Unless this 
locality has been left excessively deficient of content by the removal of water, 
its density decrease results in a local enlargement of diameter. Other substances, 
such as PTA and tanning agents, can most readily penetrate these regions 
of imperfection because there are faults in the structure for their accommo- 
dation. This sorption may also increase the imperfection and help spread 
disorder to neighboring, more persistently perfect localities. 


The relation of these suggestions to the familiar banding and corrugation 
of collagen fibrils as seen in electron micrographs is obvious, but the novel 
suggestion emerges that the electron optically apparent bands are the im- 
perfect regions of the fibrils, while the interband regions have relatively 
perfect structure. Available evidence shows that electron strains enter at the 
same regions (bands) that enlarged diameters occur ®. The density differences 
at various positions along unstained fibrils are generally insufficient for 
resolved detection, although the details of diametral clevation appear in such 
instances after replication or shadowing. Further diffraction support for these 
relationships emerges below. 


Errects oF PHospHotuncstic Acip PENETRATION 


Specimen preparation. The general procedure used in the preparation of 
samples for the present investigation was the following: kangaroo tendon 
strips (2 g.) were soaked in water and introduced for 24 hours into 100 ml of 
solution containing prescribed concentrations of the solid H;PO,..12WOs. 
15H.0 at pH values obtained by adjusting with sodium hyroxide or hydro- 
chloric acid. The PTA concentrations and pH values were selected to intro- 
duce graded amounts of PTA into the specimen. As is shown in Table I, 
within limits these two variables offer several paths whereby a given amount 
of sorbed material can be introduced. Although the diffraction effects are 


influenced in minor ways by the particular conditions used, for the purposes 
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of the present study the important variable is the amount of sorbed PTA 
attained. 

After several washings and dialysis against distilled water to remove excess 
electrolyte the tendon strips were hung up in air to dry under tensions near 
to the maximum conveniently applicable without damage. The tension in- 
sured near perfection of parallelism of the fibrils, which is important for 
reasons given above. Methods of registering the diffraction patterns were 
those previously described 5. 


TABLE I 


Phosphotungstic Acid Sorption by Kangaroo Tail Tendon 


PTA sorbed in samplest 
9.4 2a 2 
20.0 
20.1 
- 


mw wry bro 


0.6 

0.3 

0.44 0. 3. 

0.0 0.3 0. 0. 0.1 
0.0 0.0 0. 0.1 0.0 


— a i 


0.01 0.05 0.20 0.50 1.0 


Grams of PTA in 100 ml of applied solution. 


*pH of applied solution. 


+The figures represent per cent of ash (P20O5 . 24WOs3) in oven-dried specimens and were found in several 
instances to correspond closely to the loss of PTA from the supernate. Sorbed PTA is not removed by ex- 
tensive washing. Itallicized figures identify the samples mentioned in the text. 


Preliminary study with slit collimation. A survey of the general diffraction 
situation was first carried out by the use of cameras in which collimation of 
the incident x-ray beam was secured by slit apertures. Under these conditions 
cross-fire in the beam, parallel to the long dimensions of the slits and the 
lengths of the diffraction layer lines, permits rapid registration of patterns 
but does not allow distinction of the diffraction components of perfection 
and imperfection. Intensity comparisons were accomplished by registering 
each diffraction field on a pack of four consecutive films, over half of which 
was placed a Ni filter of known absorption for the Cu Kg radiation employed. 
Visual examination sufficed to yield estimates of relative line intensities 
suitable for present purposes. 

The preliminary comparisons disclosed that added PTA is more effective 
in altering the distribution of diffracted intensity among the first dozen layer 
lines when the overall stain content is small rather than large. Consequently, 
samples were taken at increasingly large sorption intervals; 0.44, 1.3, 
3.9, 7.5, 13.7, and 21.2 per cent sorptions were studied most extensively 
and sufficed to show the major effects, 
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Description of the observations is most conveniently made by dividing 
the layer lines into the three sequences of lines whose terminal indices are 
are the following: 1-3, 4-9 and 10-12. The mean intensity levels of these 
sequences decrease in the order given, but within each the relative intensities 
of individual lines were qualitatively as follows. 

In the first sequence, the order of indices for decreasing intensity is 1, 2, 3 
when less than about 14 per cent of stain has been introduced. This general 
decline of intensity with index carries over also into the fourth and fifth lines 
of the second sequence, as long as stain is below about 3.9 percent. 
At higher sorptions this regularity is broken, so that at 21 per cent sorption 
the second layer line most notably falls to the point where it becomes even 
weaker than the third and higher lines through the ninth. In all cases the 
first order is the outstanding line. 

A simple overall description for the second sequence can be derived by 
noting that somewhere between 1.3 and 3.9 per cent sorption (estimated at 
about 1.5 per cent) all of these lines have approximately equal intensities. 
The 1.3 per cent sample is nearly at this condition and has been the one found 
useful in studying line shapes in preliminary developments of the fibril 
model *, 7. Below this “crossover” point the sixth and ninth lines are promi- 
nent, as in unstained material ?, but immediately above it the fifth, fourth 
and seventh lines stand out. Eventually at the highest sorption the sixth 
line is again predominant, while the fourth, fifth, and seventh through ninth 
lines are of about equal intensity. 

The final, third sequence shows a marked tendency toward constancy of 
relative intensities: the eleventh is always strongest, while the twelfth and 
tenth follow in that order at all PTA concentrations. 

Study with pinhole collimation. The slit-camera patterns indicated the 
concentrations of stain which were strategic for pinhole-camera study of 
perfection and imperfection. The pinhole-camera patterns are shown in Figure 
4, which with Figure 2c as an unstained control, presents a series capable of 
showing the major effects of PTA on collagen diffraction. 

It is convenient to contrast each stage relative to the following components 
of layer-line intensity: (a) the component of perfection, which largely de- 
determines the intensity at layer-line centers; and (b) the components of im- 
perfection together, which contribute prominently to a wing-like, non-central 
development of layer-line intensity. 

At small PTA sorption (1.3 per cent, Figure 4a) the most marked effect is 
the enhancement of the components of imperfection at certain of the even 


lines, so that the second, fourth, sixth and eighth lines now possess quite 


prominent wings extending from their centers. On the other hand, the odd 
lines with indices 3, 5, 7, and 9 are of similar, relatively short length and 
almost equal intensity. 

The pattern at this stage has features which recall the diffraction by 
moistened specimens, Note that the even layer lines, which show the pro- 
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FIGURE 4.—Pinhole-camera patterns of dry kangaroo tendon samples containing (a) 
1.3 o/0, (b) 3.9 o/o and (c) 21 0/0 of sorbed PTA. All are at the same mag- 
nification and obtained like the patterns of Figure 2. 


nounced evidence of distortion, are the ones that are faint in patterns from 
normal wet specimens. On the other hand the odd layer lines which are 
shortest with the dry stained specimen are the most intense for the normal 
wet preparation (Figure 2a). 

As more PTA enters it increases distortion, eventually causing the com- 
ponents of imperfection to fade. At 3.9 per cent sorption, as seen in Figure 
$b, the lines with even and odd indices in the range 2 through 9 still largely 
retain their respectively typical modes of intensity distribution; however, the 
non-central intensity of even lines has begun to fade, most noticeably at the 
higher indices (8 and 6). 


The complex intensity changes noted above from the slit-camera patterns 


are functions of the redistribution of the diffraction components of perfection 


and imperfection among the odd and even layer lines and of the tendency of 
lines of high index to lose their components of imperfection as PTA sorption 
increases. 

Eventually, at high sorption (21 per cent) diffraction evidence of imper- 
fection has largely disappeared, as is seen in the relatively short, wingless 
lines of Figure 4c. That the disappearance of components of imperfection 
is caused, not by an increase of general perfection of order in the collagen 
fibrils, but by an excessive distortion in imperfect regions, is shown by the 
observations of the preceeding sorption stage and by measurement of the 
fibril structure period (b,) at this final stage. While measurements of period 
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are not totally reliable indications of the degree of disorder (see above), in 
this case the period was reduced to the unusually low value 590 A. 

Since the distortion has destroyed all coherent scattering by imperfect 
regions of the fibrils, the remainder must consist solely of the central com- 
ponents contributed by perfect fibrillar levels which resist penetration by 
PTA. Presumably, the return to prominence of the sixth layer line at high 
PTA sorption is in agreement with this view, since it suggests that at least 
some of the structural features, which were responsible for its outstanding 
intensity with the original, untreated dry specimens, are still intact. 


PECULIARITIES OF KANGAROO TENDON 


Although there is little reason to doubt that the results obtained with 
kangaroo-tail tendon have general bearing on the structure and properties 
of many other mammalian collagens, there is one important respect in which 
this needs to be qualified. Experience with other (notably beef tendon) 
sources indicates that fresh collagenous tissues, when dried, do not always 
yield the clear evidences of imperfection visible on a pattern such as Figure 
2c. Instead are normally obtained patterns like Figure 2b. 

Detailed comparison of Figures 2b and 2c discloses, however, that the 
differences are ones of degree rather than of kind. Thus, the lines generally 
lengthen with increase in index, and ones which obviously possess components 
of imperfection in Figure 2c, are found in Figure 2b to streak out farthest from 
the center, though without clear non-central maxima. Indeed, it is something 
of a miracle that produces the periodic arrangement of order and disorder 
capable of diffracting as in Figure 2c. Even if the mixed perfect and imperfect 
model had been conceived before the diffraction pattern suggested it, one 
might have despaired of ever realizing the diffraction details any more per- 
fectly than in Figure 2b. 

Fortunately, the large supply of kangaroo tail tendon which had originally 
been adopted as a standard source for this work was capable of consistently 
supplying the necessary miracle. When the technical developments of diffrac- 
tion method and of specimen handling had been perfected, the pattern of 
Figure 2c was immediately apparent. Failure to reproduce it with beef tendon 
led to attempts to ascertain experimentally whether specimens normally) 
yielding Figure 2c could be made to show Figure 2b and vice versa. 

The results were conflicting in many cases but seemed to indicate depend- 
ence on difficulty controlled variables involving the previous history of the 


sample, degree of hydration or swelling permitted prior to drying under 


tension, the actual tension then applied, etc. Kangaroo tendon samples, which 


had been in the dry state for an indefinite, very long period before examina- 
tion, yielded the pattern of Figure 2b only after months of preconditioning by 
soaking in water, or after being more briefly swollen with acid or alkali. On 
the other hand, beef tendon produced the nearest approach to Figure 2c after 
several cycles of drying and brief remoistening. 
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Presumably the long-continued or cyclic drying prehistories favor the 
establishment of uniform predispositions of the filaments to become distorted 
so that consecutive segments of the fibrils are able to adopt statistically 


identical conditions, as is necessary for the development of the pattern of 


Figure 2c. Application of tension in the final process of orienting the fibrils 
for diffraction study is then unable to overcome the tendency for kinking of 
the filaments within the fibrils. 

Notwithstanding these difficulties, the present kangaroo tendon samples 
have their advantages because of the possibility of detailed application of 
diffraction theory to their small-angle patterns. They give, in effect, par- 
ticularly clear views of the events occurring when important alterations of 
fibril structure are produced. 

CONCLUSION 

The mixed perfect and imperfect model (Figure 3b) for the structure of 
the dry collagen fibril furnishes an illuminating insight into many of the 
observations of electron microscopy and small-angle x-ray diffraction. For 
example, as described above, the significance of the band and interband 
regions along the fibril begins to emerge. 

The nature of the elementary filamentous units within the fibrils also 
becomes clearer. ‘The present intrafibrillar filaments, a term employed in the 
theoretical development as non-prejudicially as possible, meet the specifica- 
protofibrils” originally postulated by Schmitt, Hall and Jakus ?! 
better than they correspond to the relatively thick (50 to 100 A) filaments 


“ 


tions of the 


of Schmitt and Gross? which undoubtedly are aggregates of the ultimate 
protohbrils. 

The diffraction information furnishes compelling arguments against the 
view that the collagen fibrils are fundamentally arrays, nets or lattices of 
large globular, disk— or band-like particles. ‘The largest structural spacing 
transverse to the fibril axis is that represented at the equator on wide-angle 
diagrams and corresponding to 10 to 11 A in dry collagen. This approaches so 
closely the value expected of the thickness of a single polypeptide chain that 
the use of the term particle ceases to have more significance than the very 
general one which could also be applied to a long filamentous unit. The length 
of the latter is not directly evident from the diffraction data, but studies of 
Scatchard et al'§ and of Salo'? suggest that no very weak links, such as might 
terminate a polypeptide chain, are present within a length (800 A) which is 
the order of size of the observed large fibril period (600 to 680 A). 

A logical extension of the above concepts is that the arrangement of im- 
perfect bands and of perfect interbands should be determined fundamentally 
by the distribution of amino-acid residues along the individual protofibrils. 
Klectron microscopy, in describing the band patterns, furnishes a rough view 
of this distribution, and it is desirable that the diffraction method should 
apply its greater resolving power to this problem. 
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The difficulties which might face the x-ray procedure arise from the fol- 
lowing sources: (a) the fact, distinctly obvious in electron micrographs, that 
the pattern of bands and interbands depends on the direction of progression 
along the fibral (axial polarity); (b) the expectation that, in massive samples, 
as many fibrils will be oriented in a given direction as in the opposite one; 
and (c) the indication of the diffraction theory that the mixed perfect and 
imperfect model requires for its complete description several types of struc- 
ture factor, related to perfection and the two types of imperfection. 

Close examination of these sources of difficulty eliminates (b) from con- 
sideration, since each individual diffractor (fibril) should contribute to a 
given diffraction layer line exactly like an oppositely oriented neighbor. 
Consequences of (a) and (c) are more serious, however, because the axial 
polarity indicates that all of the many structure factors are completely inde- 


terminate as to phase. Consequently, there is no immediately obvious hope 


of determining an unique x-ray image with the desired detail. 

Nevertheless the present application of the mixed perfect and imperfect 
model to a study of PTA sorption shows that one can gain at least qualitative 
insight into the events occurring in a given situation. For example, the im- 
portant conclusion has been reached that the electron stain enters primarily 
into the imperfect regions (bands). A survey of several other phenomena of 
this type will be given subsequently, along with examination of the conco- 
mitant events at wide diffraction angles. 

Particular importance attaches to the phenomena observed in the neigh- 
borhood of the crossover sorption (1.5 per cent PTA). The amount of added 
stain is scarcely large enough to affect the internal fibrillar structure greatly, 
yet a most marked alteration of line intensities and shapes from the normal 
condition has occurred. Possibly this is due to a strong concentration of stain 
at particular bands, located perhaps once in every periodic segment of the 
fibril, in which case the structure factors would represent fairly simply the 
structure of the remaining parts of each segment, after a manner well known in 
diffraction theory. This phenomenon may prove of value in future attempts 
to circumvent the phase difficulty. 

Another contribution of the diffraction observations is furnished by the 
similarities between the alternation of odd- and even-line intensities of the 
wet unstained collagen and the corresponding line-shape alternations of the 
dry stained preparations. These indicate a close relationship between the dis- 
tribution of water in the normal moist fibril and of distortion after drying. 


SUMMARY 
1. Models for the type of structure possessed by collagen fibrils are describ- 
ed (Figure 3). Each individual fibril consists of parallel protofibrils or poly- 
peptide chains which tend to match their common pattern of chemical 
features transversely to their axial direction. The matching is best in hydrated 
material, but drying introduces distortion at various locations along the axis. 
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2. The models account for the bands (imperfect or distorted locations) and 
interbands (regions of perfect .natching) described by electron optical studies, 
and they also explain several characteristic features of small-angle x-ray 
diffraction (Figure 2). 

3. The sequence of diffraction events accompanying graded introduction 
of phosphotungstic acid into kangaroo tail tendon is described (Figure 4). 
The results indicate that this electron stain enters progressively into the im- 
perfect bands, abolishing their contribution to diffraction, but that, up to 
sorption as high as 21 per cent, diffraction from perfect (interband) regions 
remains. 

4. The kangaroo tendon samples proved peculiarly suitable for examina- 
tion of the diffraction effects attributable to perfection and imperfection, 
apparently because of an appropriate previous history. 
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X-Ray Diffraction Studies of the Penetration of 
Stains and Tans into Collagen Fibrils+ 
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A preceeding paper * described a model for the type of structure possessed 
by the collagen fibril and presented evidence concerning the mode of penetra- 
tion into the fibril by phosphotungstic acid. ‘The model was designed to 
account for small-angle diffraction but also offered illumination of some of 
the outstanding results of electron optical study. The general thesis was 
developed that a substance added to collagen most readily penetrates rela- 
tively unstable or easily distorted locations (electron optically visible bands) 
of the fibrils and leaves relatively unaffected the more perfectly integrated 
intermediate localities (interbands). 

The results of the previous report are assumed throughout the present 
discussion, which describes additional experiments concerning the ability of 
reagents to interact with intact collagen fibrils. 


ATTEMPTS TO STAIN SPECIFIC CHEMICAL GROUPS 


The intrafibrillar filaments or protofibrils of the proposed model are very 
thin and have diameters expected of individual polypeptide chains. In pre- 
paration for the eventual possibility that the x-ray diffraction method may 
furnish information regarding the manner in which the amino acid residues 
are distributed along each molecular chain, some preliminary attempts have 
been made to tag specific residues chemically. 

At early stages of the investigation the distortion phenomena were not 
known, so that it was thought that only slit-camera diffraction patterns need 
be obtained. After use of pinhole-collimated cameras led to a recognition 
that the problem was considerably more complex than originally conceived, 
this phase of the work was largely dropped in favor of development of the 
model. Nevertheless, a number of facts had been discovered which may be of 
use whenever this phase of collagen structure determination may be reopened. 

Chemical Methods. The side chains which characterize the important amino- 
acids residues of collagen may be divided into four groups: those of basic 
reaction, as in lysine, hydroxlysine, arginine, and histidine; those of acidic 

*This paper represents a partial report on research sponsored by the Office of the Quartermaster General, 


Research and Development Branch, under Project No. 130-46 on “Determination of the Nature and Proper- 


ties of Skin Structure” under direction of the Leather Subcommittee of the National Research Council Com- 
mittee on Quartermaster Problems 
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character, as in aspartic and glutamic residues; other polar types, such as 
contain hydroxyl groups (serine, threonine and hydroxyproline); and the re- 
maining non-polar groups of hydrocarbon character, as in glycine, the alanines 
and leucines, and proline. It is useful for diffraction purposes to tag relatively 
infrequent side chains. Because of their chemical inertness and the fact that 
they represent over half of the residue moles in collagen, study of the non- 
polar side chains is not promising. Investigation of the basic, acidic and hydro- 
xylic polar side chains was attempted, and it was desired to provide means 
for studying each, either as a class or as specific individuals. Kangaroo tail 
tendon was employed because of its suitability for diffraction study %. 


As described by Salo'5, sodium hexametaphosphate (commercial Calgon) 
combines stoicheometrically with the basic side chains. The analytical data 
suggest that when collagen combines maximally with Calgon at pH 2.4 the 
composition of the hexametaphosphate is NaPO; . SHPO;. Of 6 atoms of P 
present only 5 are presumed able to join with basic groups of the protein. 
With this assumption the data for Calgon uptake correspond well with the 
results of other methods of estimating basic groups. 


While Calgon presents one of the most satisfactory known tags for all 
basic groups, it is by no means ideal, since there is not a 1 : 1 correspondence 
between bound P and the number of side chains, nor is it certain in what form 
the phosphate is bound. Salo suggests that monomeric metaphosphate is 
bound because of the improbability that in collagen fibrils 5 or 6 basic side 
chains should be arranged in space appropriately for coordination with a 
single hexametaphosphate ion. 


The uptake of Calgon can be controlled by adjustment of pH and added 
electrolyte concentrations, but the limitation of sorption to specific basic 
groups by this means does not seem feasible. More successful are methods 
which chemically alter the nature of these side chains selectively and thus 
prevent the sorption of metaphosphate at the altered sites. 


Arginine, histidine, lysine and hydroxylysine are present in kangaroo tail 
tendon in the following respective amounts: 9.518, 0.055, 0.277, and 0.068 
millimoles per gram of protein's. Deamination offers a means of removing 
the e-amino groups of the lysines, and deguanylation might selectively modify 
the guanidine group of arginine. Both of these can be carried out on kangaroo 
tendon strips without destruction of fibril structure, as is shown by the 


ability of such specimens to yield satisfactory diffraction patterns after 


subsequent washing and air drying. Table | indicates, however, that neither 
treatment is completely specific in its attack on the side chains, though the 
deamination procedure confines its attack to the lysines reasonably well '4. 
Deguanylation, with hypochlorite and hypobromite in highly alkaline solu- 
tion, is particularly unsatisfactory, since more deamination of lysine occurs 
than deguanylation of arginine. 


SRC RENIN Setmcmomn + 
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TABLE I 


The Removal of Basic Groups of Kangaroo Tendon by 
Supposedly Specific Treatments. 


Losst is percentage of total basic residues 


Calgon 
Treatment * sorption Arginine Histidine 


Deguanylation 3. 10.6 
Deamination 3s 3.9 


Both : ie.0 


*Deguanylation was by the method of Highberger and Salcedo’, deamination according to Thomas and 
Foster! 


tLosses are for Calgon sorption at pH 2.4, for arginine and histidine as determined by methods previous 
employed®, and for the sums of lysine and hydroxylysine by difference between the Calgon loss and the 


total of the arginine and histidine losses, all figures having been reduced to residue equivalents 


In summary of the situation with respect to the basic side chains, one may 


use normal tendon specimens, in which all basic chains are accessible, or de- 


aminated preparations, from which predominantly the e-amino groups of 
the lysines have been removed. Sorption of Calgon at optimum pH (2.4) 
furnishes samples in which, respectively, either all or approximately the 
guanidine (also the relatively unimportant histidine) groups are marked by 
the phosphate. The lysines can be investigated by examining the differences 
between these two preparations. 

Attempts to find satisfactory tags for the acidic side chains have been 
uniformly unsuccessful. Formation of salts with heavy metal cations or 
cationic complexes, such as those of silver and copper, is generally unsatis- 
factory, for the following possible reasons: Often these must be added at 
alkaline reaction, during which swelling introduces an excess of reagent 
beyond that equivalent to the acidic groups of the protein. In attempting 
to wash this out, it is found that the unions made specifically with the acidic 
groups are not sufficiently stable to prevent their dissolution also. It would 
appear that studies of this sort should be carried out with the collagen main- 
tained in carefully chosen aqueous environments preserving a desired equi- 
librium condition. 

Kangaroo tendon specimens may be maintained in moderately strongly 
acidic and basic environments and still be returned, after washing, to reason- 
ably normal condition, as judged by their diffraction diagrams. It is reasonable 
therefore, to try various chemical procedures requiring these conditions, as in 
the esterification of the carboxyl groups of the protein with alcohols or of the 
hydroxyl side chains with added acids. Addition of methyl alcohol in 0.01 N. 
HCl has been used by Fraenkel-Conrat and Olcott ® for esterification of pro- 
tein carboxyl groups, but in present studies with collagen the structure of 
the fibril was disintegrated. Attempts to form a phosphoric ester with the 
hydroxyl groups of serine in collagen, after the manner employed by Riming- 
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ton ! 2 with casein (application of a chloroform solution of POCI; in an alkaline 
medium) did not succeed, apparently because of insufficient penetration 
into the collagen fibrils. The method of Reitz et al.!! for the esterification 
of protein hydroxyl groups by the use of concentrated H,SO, at -30°C. 
failed for a similar reason. 


While the possibilities for tagging side chains were not exhausted, it ap- 


peared fairly clear that those dealing with basic groups of the protein were 
most promising. 

Diffraction results. Methods of orienting the preparations and obtaining 
the diffraction diagrams were those previously described‘, 5. The major 
effects to be seen on the diffraction diagrams taken at small angles were the 
following. 

Calgon may be introduced into otherwise untreated kangaroo-tendon by 
methods described by Salo!5. At pH 2.4 of the applied solution the sorption 
is maximal at about 3 per cent P content in terms of dry weight. Examination 
of the overall diffracted energy yielded after introduction of phosphate shows 
that the entire pattern is materially enhanced. The most notable relative 
intensity changes are experienced by the line with index 2, which fades ap- 
preciably with increase in P content. The sixth and ninth lines maintain 
their normal prominence, with the former somewhat increased. Figure 2b 
shows a pinhole pattern of maximally calgonized tendon, which is discussed 
further in the next section. 

Because the change of lysine «amino groups to hydroxyls by deamination 
only changes NH, to OH groups it does not alter electron density distribution 
in the collagen fibrils. Consequently, the line intensities remain essentially 
those exhibited by untreated tendon. However, when Calgon is added maxim- 
ally after deamination a change can be seen relative to the pattern of maxim- 
ally calgonized, normal collagen. Figure 1 shows that the most prominent 
feature of this change involves the sixth layer line, which is reduced from its 
normal prominence and now is about equal in intensity to the neighboring 
fifth and seventh lines. The ninth line also declines somewhat. 

Deguanylation, while not too specific chemically, should have minor 
effects on the electron density distribution of the fibrils, and corresponding 
alteration of the diffraction diagram occurs. This is noticed chiefly as a decline 
in the intensity of the fourth layer line, which becomes about equal to its 
neighbor, the fifth line. Further change after calgonization is exhibited as a 
decline of the third line to a low level of intensity, but the prominent sixth 
and ninth lines are relatively uninfluenced. Combined deguanylation, de- 
amination and calgonization produce a normal dry pattern in most respects, 
but the influence of deamination may be seen in the characteristic decline 
in the intensity of the sixth line. 

While the detailed interpretation of the intensity changes cited above is 
not immediately apparent, the rough correspondence of the observations to 
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Comparison of the slit-camera, small-angle diffraction patterns of maxi- 
mally calgonized normal kangaroo tail tendon (on the left) and of similar 
calgonized but previously deaminated material (on the right). The integers 
are indices of pertinent layer lines. 


the modifications expected in the chemical procedures is interesting. Few 
instances are known in which, as in these cases, a direct indication of a more 
or less specific chemical change of a protein has been observed on diffraction 
diagrams. 


Errect oF TANnninG AGENTS 
A detailed study, capable of examining all the facts that might be of 
interest in connection with the tanning problem, will be only slowly accom- 


plished. At present are presented the results of a survey of some of the major 


tanning agents, designed to test in a preliminary way the usefulness of the 
small-angle diffraction method. 

In order to benefit from the diffraction experience with kangaroo tendon 
the use of this material was continued. Samples were submitted to Mr. R. L. 
Sutherland of the A. C. Lawrence Leather Co., who kindly subjected them 
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to common chemical processes for chrome and quebracho tanning. Three 
levels of tanning were achieved for each method as follows: in the chrome 
tanning the percentages of Cr.O; introduced were 2.57, 3.40 and 4.05, cal- 
culated on a moisture-free basis, and the “‘curl” temperatures of the products 
were 168, 184 and 194°F., respectively; the vegetable tan added was _ suf- 
ficient to produce the shrinkage temperatures 142, 156 and 166°F. In addi- 


tion, maximally calgonized kangaroo tendon, prepared according to the 


method of Salo!5, was also studied. 

Previously a number of patterns had been obtained from time to time with 
slit cameras using chromicized rat-tail tendon and calf skin. These had been 
oriented as well as possible by tension applied to strips of the specimens 
during drying, and the results agreed with the later ones on kangaroo tendon 
as far as the slit-camera diagrams could show. Because the subsequent studies 
employed pinhole cameras, the results are more illuminating and form the 
basis of the present discussion. The separate series of chrome- and vegetable- 
tanned kangaroo tendon proved incapable of permitting very great distinc- 
tions within each series. Chiefly the results for the most highly tanned samples 
are described. Figure 2 presents the patterns for the chromicized, calgonized, 
and vegetable-tanned material. 

Chrome tanning. Figure 2a shows most pronounced intensification at the 
third, sixth and ninth layer lines, whose indices are all multiples of three 


a b c 


FIGURE 2.—The pinhole-camera, small-angle diffraction of (a) chrome-—, (b) Calgon-, 
and (c) quebracho-tanned kangaroo tendon specimens mentioned in the 
text. Diffraction conditions were the same as for Figures 2 and 4 of re- 
ference 3. 
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Conparison with Figure 2c of the earlier report’ shows that this has been 
attained, from the normal condition, not so much by marked alteration of 


these lines as by a noticeable depression of the second line and minor intensity 


changes for others. (In all such considerations, it is understood that the first 
layer line is always the strongest on the pattern and need not be specifically 
mentioned). 

Similar tendencies seem to be characteristic of all chrome-treated samples 
which have been examined. This behavior was also previously noted for for- 
maldehyde-treated rat-tail tendon ! and to a lesser degree for heavily stained 
PTA samples’. Inferior development of the phenomenon may also be seen 
with the calgonized and vegetable-tanned specimens considered below. 

A detailed interpretation of these observations would be premature, but 
the results of Schmitt and Gross !6 with chrome-tanned calf and goat hides 
are interesting in this connection. These investigators showed electron 
micrographs in which a six-banded structure of the collagen fibrils appears. 
If the bands they reported are paired as b,, bz; c, d; and e, a, it is found 
that the centers of gravity of the three pairs are fairly exactly separated by 
thirds of the overall period. In this situation one may expect strong diffraction 
at layer lines whose indices are multiples of three. Presumably the out- 
standing ability of the chrome-tanned specimens to show the 3, 6, 9 sequence 
of layer lines is related to their tendency to yield electron micrographs in 
which the band pairs are most exactly located at thirds of the fibril period. 
With other treatments the band relationships are often altered by displace- 
ment and splitting or recombination into different relative positions and 
numbers of bands. 

If the bands are interpreted, as suggested earlier’, to be locations of 
imperfection at which the added agent may particularly readily penetrate the 
fibrils, it becomes clear why the intense diffraction lines in this case owe a 
considerable portion of their intensity to the wing-like components of imper- 
fection extending from line centers. 

The general characteristics of intensity distribution among the lines with 
indices 1, 2 and 3 resembles that yielded by moist specimens, which always 
exhibit prominent odd lines and very weak even ones at low indices(see below). 
This suggests that some of the chrome may be introduced rather generally 
throughout the collagen fibril, as is water, penetrating into perfect regions as 
well as imperfect ones. Schmitt and Gross found that chrome-tanned fibrils, 
in addition to dark banding (invasion of imperfect regions), also have appreci- 
ably stained interband or background regions (entrance into perfect locations). 

The pattern of Figure 2a shows an effect which can be expected according 
to the diffration theory, indeed might well be more often apparent than has 
generally been observed. The spread of intensity along layer lines is appreci- 
ably less with this chrome-tanned material than was encountered with plain 
and moderately PTA—stained samples*, The diffraction components of 
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imperfection in the latter examples showed about the same rate of increase 
of length as a function of line index, but in the present instance evidence of 
imperfection is crowded measurably closer to the axis at all lines of the dif- 
fraction pattern. The theory? relates this phenomenon to the ratio of the 
parameters of distortion, %,,/¢,,. Estimates of this are derivable from the 
position at which the distinguishable non-central maxima of radial imperfec- 
tion occur. Normally this ratio is found to be about 1.85, but in the chrome- 
tanned specimen it is close to 2.5. 

The theory does not as readily permit evaluation of the absolute values of 
o,, and @,,, so that it is difficult to conclude which may have been most 
altered to change the ratio. The generally smooth contours of Cr-tanned 
fibrils described by Schmitt and Gross would suggest that ¢,,, related to 
radial distortion, is decreased, so that ¢,,, the axial distortion, must also 
decrease even more. According to this interpretation, the Cr-tanned fibril 
preserves an ordered structure on drying somewhat better than do most 
collagen specimens. 

Calgon and quebracho tanning. It is difficult to conclude whether the 
patterns of Figures 2b and 2c suggest complete perfection of the tanned 
fibrils or whether the excessive distortion encountered with heavily PTA- 
stained preparations * is again in evidence here. ‘The relative intensities of the 
layer lines are like those in the case of heavy PTA staining and might be 
taken in favor of the latter view, but other evidence is conflicting. For 
example, the fundamental spacings for these tanned specimens are normal for 
dry collagen material (ca. 640 A). They do not show the appreciable shorten- 
ing encountered with heavily P'TA-stained examples (to 590 A), but the 640 A 
spacings in themselves can be cited against complete perfection 8, 

The 3 per cent of P introduced by maximal calgonization corresponds to 
about 8 per cent of metaphosphate, while the quebracho tanning may have 
been light, judging from the shrinkage temperatures of the samples. Thus, 
the excessive additions of material are probably not involved here to the 
degree encountered in the PTA case, though the differences expressed on a 
weight basis are more apparent than when stated as volumes, which would be 
the significant relation when distortion of structure is involved. 

The diffraction lines in the present cases are unusually short, approaching 
those suitable for diffraction from entirely coherent fibril cross sections. One 
must conclude, therefore, that the lines are solely components of perfection, 
in spite of origin from material (kangaroo tendon) which normally shows 
marked evidence of imperfection. Wide-angle diffraction cited below, indi- 
cates that these tans have penetrated the fibrils to a considerable degree. 
Taking these facts into account, one concludes that, of the two alternatives 
presented above, the similarity of the present examples of Calgon and que- 
bracho tanning to heavy PTA sorption is to be favored. 

Evidence of stain or tan penetration into moist fibrils. Whenever water is 


present abundantly in collagen specimens its manner of penetration dominates 
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rABLE II 
Summary of Small-Angle Diffraction by Moist Kangaroo Tendon Specimens. 


Specimens* Line Intensitiest Period (bo) 


1.3 per cent PTA-stained 8, 9, O71 A 


3.9 per cent PT A-stained 


21.2 per cent PTA-stained 


Deaminated and calgonized 


2.6 per cent Chrome-tanned 


Quebracho-tanned, ‘‘curl” 674 
temp. 166° F. 5, 4, te 


*The PTA-stained specimens are ones previously considered*, and the others are identified in the present 
text 


tFor each specimen the major lines (distinguished by their indices) are divided among the three levels of 
relative intensity: vs (very strong), s (strong) and m (moderate); other lines, through the twelfth in each 


case, are weak if not mentioned. The deaminated-calgonized preparation is not much different from untreat 
ed material! 


the small-angle diffraction diagram. Nevertheless, addition of stains or tans 
is not without effect on the patterns. Table II illustrates this point with 
several of the specimens which have appeared above and in the previous 
paper’. ‘The moist materials were photographed as sealed in thin-walled 
Pyrex capillaries. The hazards of breakage in the vacuum cameras and the 
difficulties of maintaining perfect orientation in such specimens caused these 
studies to be more troublesome than most, but a sufficient number of cases 
were obtained to permit suggestion of the following generalization: 

(a) The diagrams show no clear evidence of imperfection, if allowance is 
made for the arcing of layer lines, produced by a small amount of disorienta- 
tion which is difficult to eliminate completely. As the generally high values 


of b, indicate’, the perfection is probably widely distributed along each 
fibril. A possible exception is the heavily PTA-stained specimen, whose 


fibril period is as short (617 A) as in many dry collagen samples, though 
obviously elongated by the water (from 590 A when dry 8). 

(b) When water enters collagen specimens there is invariably observed a 
tendency for intensification of certain of the diffraction lines with odd indices 
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and for depression of other even lines; this is always seen at the first three 
to five lines but sometimes may occur up to the ninth or tenth. Water un- 
doubtedly enters all fibril locations (prospective imperfect as well as perfect), 
though probably not uniformly. The particular distribution which water 
adopts along the fibril is apparently responsible in large part for the alterna- 
tion of odd- and even-line intensities with moist samples. 

(c) The prospective imperfect regions (bands) are believed the ones which 
accumulate the most tan or stain’, and as electromicrographs show! these 
are five to seven or more in number and distributed along the fibril. It is not 
surprising, therefore, that it is the fifth or higher layer lines at which deviations 
from the intensity alternations characteristic of normal wet specimens occur 
in the cases of Table I]. The bands of added reagent, by their own x-ray 
scattering and/or by displacement of water normally contributing to scatter, 
impress upon the structure added details corresponding to fifths or less of the 
fibril period. 

WipE-ANGLE DIFFRACTION 


In view of the evidences of considerable differences in internal organization 
existing in the fibrils of various dry specimens, it seemed desirable to subject 
these preparations to wide-angle diffraction study. This area of the diffraction 
field should be most sensitive to alterations in the spatial interrelations of the 
intra-fibrillar polypeptide chains. 

In line with past general experience in this field all parts of the collagen 
wide-angle diffraction were found to remain persistently insensitive to manip- 
ulations which pronouncedly affected small-angle diffraction. Figure 3 illus- 
trates the major types of wide-angle diagram secured from dry specimens 
exhibiting a wide variety of small angle diffraction. Pattern 3a is that normally 
yielded by untreated kangaroo and beef tendons and by samples which con- 
tained appreciable PTA stain’, Excessive amounts of stain make it difficult 
to record the pattern through the heavily x-ray absorbing deposit of PTA, 
but Figure 3c shows that at least recognizable features of the collagen diffrac- 
tion are still apparent. Introduction of a tan (chrome, Calgon or quebracho) 
produces patterns like Figure 3b in which the intensity of diffraction E is 
more closely confined to the equator, as well as diffused somewhat. 

The general thesis which has been developed earlier * and supported above 
suggests that if the distortions in imperfect fibrillar regions are sufficient to 
be effective in influencing diffraction at extremely small angles, they will be 
too severe to permit any appreciable degree of coherent diffraction from the 
imperfect bands to wide angles. In this event, the observed wide-angle diffrac- 
tion is to be ascribed solely to the perfect or interband portions of the fibril. 
Since distortion following drying and the entry of strains and tans predomi- 
nantly occurs at the bands, these influences can not markedly affect diffrac- 
tion by the interbands In this view the insensitivity of wide-angle diffraction 


to alteration by the stains and tans is not surprising. 
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FIGURE 3.—Wide-angle diffraction patterns of dry (a) untreated, (b) chrome-tanned, 
and (c) heavily PTA-stained kangaroo tendon. M and E are, respectively, 
the meridional (2.86 A) and equatorial (10 to 11 A) diffractions which are 


outstandingly characteristic of collagen. Photographed at 5 cm specimen- 
to-film distance with Ni-filtered Cu KZ radiation. 


Previous work demonstrated that the magnitudes of the wide-angle spacings 
remain relatively unaffected even with marked alteration of the large fiber 
period, and it was therefore suggested that the collagen wide-angle diffraction 
represents only a portion of the entire fibrillar structure!. It seems now 
possible to conclude that a host of collagen phenomena are consistent with 
this view. 

Distortion is, however, relative, so that disarray of filaments within perfect 
regions of fibrils may still be noticeable at wide angles. In considering the 
patters of Figure 3 it must be kept in mind that they are from specimens pos- 
sessing nearly perfect fibrillar orientation, as is disclosed by the straightness 
and lack of arcing of layer lines in the small-angle diagrams (Figures 2 and 4 
of the previous paper * and the present Figure 2). Nevertheless, the diffraction 
i. of Figure 3a is appreciably arced so that it is not confined solely to the 
equator. This observation may be interpreted as indicating a certain degree 
of disorientation of the polypeptide chains within the fibrils at the otherwise 
fairly perfect interbands. 

Much of this minor distortion would be expected near boundaries or 
transitions between perfect and imperfect regions. If a tan spreads from an 
imperfect locality into a perfect one, it would increase distortion at the 
transitional zone, reducing the intensity of the contributions to wide-angle 
diffraction. This may explain, for example, the confinement of the diffraction 
EK to the equator when tans are introduced. 

K. H. Meyer!® believed ‘it difficult to consider the collagen wide-angle 
pattern as the product of a single diffracting component. A central system 
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of relatively sharp diffraction spots forms rudimentary row-lines and layer- 
lines with no obvious relation to the relatively diffuse and poorly oriented 
diffractions farther out, according to the usual expectations of fiber diffrac- 
tion diagrams. After the roles of the two types of fibrils region, perfect and 
imperfect, were recognized in the present studies, the possibility arose that 
Meyer’s duality of wide-angle diffraction might be related to the essentially 
dual nature of the small-angle diffraction. ‘This is clearly not the case, how- 
ever, for no evidence was obtained that different parts of the wide-angle 
diffraction vary significantly in relative intensities as specimens are examined 
with widely differing amounts of perfection and imperfection. 

The view that wide-angle diffraction arises from the relatively perfect region 
of fibrillar structure will still allow for the possibility that Meyer’s duality 
exists, since the two (or more?) aspects of wide-angle diffraction could arise 
from as many different interbands, each of which might have characteristic 
structure. 

Alternatively the duality could conceivably exist within any one interband 
if the individual filaments should be of more than one type. In the theoretical 
development of the mixed perfect and imperfect model? all filaments were 
assumed identical for simplicity, but no detail of small-angle diffraction 
demands this as yet. Refinements to the model of the type mentioned in 
this and the last paragraph are not indicated at this time, nor is Meyer’s 
suggestion clearly necessary. 

CONCLUSION 

Karly studies of tanning by means of the diffraction method (reviewed by 
Highberger and Kersten?) often yielded conflicting or puzzling information 
regarding the action of tanning agents upon the wide-angle diffractions, 
which were the only ones then readily investigated. Although it was apparent 
that the tans do affect the parallel polypeptide chains of collagen fibrils, it 
now appears that the early observations dealt with relatively minor aspects 
of fibrillar penetration and that small-angle investigation is necessary to 
demonstrate the significant alterations of internal structure. 

The chief difficulty which faces the x-ray method in translating the various 
small-angle observations into direct descriptions of the specific alterations in 


collagen fibril structure arises from the lack of information regarding the rela- 


tive phases of the small-angle diffraction components *. Nevertheless, one 
can often gain some insight by noting the manner of distribution of diffracted 
intensity between the components of perfection and imperfection; the relation 
of these observations to the changes known to occur from parallel chemical 
or electron optical study; and the auxiliary evidence obtained from variations 
in the large fibril period and in diffraction at wide angles. 

Among the most specifically recognizable features of small-angle diffraction, 
which seem to bear some interpretable significance, are the following: 
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(a) Layer lines which are simple, of constant short length, associated with 
large fibril period (660 to 680 A), and alternating in intensity, with odd lines 
strong and even ones weak at the lower indices (k—1 to possibly 10), are 
associated characteristically with the general perfection or coherence of 
structure conferred upon the collagen fibrils by hydration. Some stains and 
tans, notably chrome, cause, even in dry fibrils, the intensity alternation at 
indices k—-1 to 3 or 4, indicating a certain degree of replacement of water by 
the added substances. 

(b) Lines whose intensities are progressively spread from the meridian as 
index increases, whose separations correspond to axial periods below 645 A, 
and whose overall intensities have lost the pronounced alternation are recog- 
nized as characteristic of dry fibrils in which the separate properties of the 
imperfect (band) and perfect (interband) regions may be distinguished. In 
these cases intrafibrillar polypeptide chain distortion is not so severe at the 
bands that the diffraction evidence of imperfection is lost. 

(c) Dry specimens which show relatively short layer lines of fairly constant 
length, associated with axial periods below 645 A and with prominent sixth 
and ninth layer lines, have been observed in cases which appear to have 
received concentrations of stain or tan at the bands sufficient to have de- 
stroyed the ditiraction evidence of imperfection. Heavily PTA-stained and 
the present Calgon- and quebracho-tanned specimens are examples. 

(d) Corresponding to the fact that electron micrographs show five or more 
bands, distributed along the collagen fibrils and dependent on conditions of 
pretreatment, many of the most difficultly generalized details of the diffrac- 
tion variation occur at the fifth layer line and beyond. The relation decribed 
above connecting the electron optically observed locations of the bands of 
chrome-tanned fibrils with the indices of the diffraction lines at which 
major intensity is developed offers the best example that the number and 
relative positions of bands are important in influencing the general tendency 
of such lines as the sixth and ninth to be prominent. 

The suggestion of the last paragraph is of interest in connection with the 
observations on deaminated, calgonized material in which the removal of the 
lysine €-amino groups is associated with a decline in the intensities of the 
sixth and ninth lines. Location of the lysines residues predominantly at one 
or more of the bands is suggested. Kratky %, for debatable reasons, expected 
that the distribution of lysine should profoundly affect the intensity of the 
eighth or ninth line, and that the sixth should be closely related to the dis- 
tribution of the aspartic acid residues. From this failure and because of previ- 
ously stated! other reasons it would seem that a simple relation between 
chemical constitution and small-angle diffraction, of the specific kind en- 
visaged by Kratky, is not likely to be maintained. 


It is not excluded, however, that the bands. of collagen fibrils may eventu- 
ally be found to contain the highly hydratable acidic and basic side chains 
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which would be readily accessible because of the loose fibrillar structure at 
the bands. On the other hand, the inaccessibility of the hydroxyl polar 
groups to chemical attack without fibril disintegration offers the suggestion 
that these may be located at the resistant interband regions. Details of this 


sort can not, however, be offered with any great confidence at the moment. 


SUMMARY 


1. An account is given of attempts to alter or tag specific side-chain chemical 
groups of the polypeptide chains of collagen (kangaroo tendon). Basic groups 
are most easily controlled, hexametaphosphate (Calgon) providing a useful 
tag and deamination a means for selectively removing the e-amino groups of 
the lysines. Variations of the small-angle diffraction intensities are observed 
to accompany the chemical changes. 

2. The small-angle diffraction by certain chrome-, quebracho- and Calgon- 
tanned tendon specimens are described. Correlations with electron optical 
and previous diffraction findings are discussed. Different stains and tans 
produce by no means the same results, though there are often interrelations. 


3. When moistened the stained or tanned tendon specimens show pre- 


dominantly the influence of water, which causes an alternation of small-angle 
diffraction intensities (odd lines strong, even ones weak). The presence of 
an added material is, however, apparent as a modification of this alternation 
at lines (fifth or higher) which are believed related to the distribution of the 
electron optically apparent bands along the collagen fibril. 

4. Wide-angle diffraction of dry collagen is relatively insensitive to the 
addition of stains or tans. The evidence suggests that wide-angle diffraction 
is produced only by the relatively coherent interband locations of the fibrils, 
which resist penetration and distortion by the added substances, though not 
completely. 
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ABSTRACTS 


The Resistance of Leathers to Hot Oil and the Preparation of Leather Suitable 
for Oil Seals. By A. T. Hough. J. Soc. Leather Trades’ Chemists, 34, 138 (1950). Certain 
leathers were examined with respect to their resistance to deterioration by dry heat and 
hot oil. With suitable tannage vegetable leathers were able to withstand temperatures up 
to 175°C. for prolonged periods in oil. Heat resistance was lowered by the presence of 
moisture. Chrome leather shrank and hardened when heated in oil, but the tensile strength 
remained fairly satisfactory. It is suggested that chrome leather destined for seals should 
contain more chrome than the leather tested (5.5 per cent), and to avoid shrinkage it 
could be preshrunk by intensive drying, and then impregnated with wax to prevent its 
absorption of moisture. Retanning with quebracho would be advantageous in prevention 
of shrinkage and hardening but at the expense of tensile strength. Catechol tanned leath- 
ers were found to be more heat resistant than pyrogallol tanned leathers. The author 
feels that his investigations are incomplete as they did not include leathers of sufficiently 
low moisture content, a wide enough variety of leathers nor heavy chrome retanned 
leather of the type recommended. 


Notes on the Base Exchange Resin Method for Salt Estimations. By H. Lee. 
J. Soc. Leather Trades’ Chemists, 34, 150 (1950). The author was able to obtain results more 
in keeping with the amounts of salt to be expected from the addition of known quantities 
to mimosa liquors. This was accomplished by modifications of the procedure of Burton and 
Harrison. 


Note on the Relationship between Tan Content and Hot Water Solubles in 
Black Wattle Barks. By L. H. Bryant and P. J. Martin. J. Soc. Leather Trades’ Chemists, 
34, 151 (1950). A large number of samples of wattle bark were extracted by the official 
method and also with boiling water for 3 hours, using 10 grams of ground bark and one 
liter of water. A regression of hot water soluble Y on tannin content X was then obtained 
by standard statistical methods. The corresponding correlation coefficient was found to be 


+0.945. A satisfactory estimate of tannin content can be obtained from any given hot 


water solubles result by the equation X= Yo +(bx — y), where X is the per cent tannin, 


b b 
Yo the per cent water solubles, b the regression coefficient, x and y the means of tannin 
and hot water solubles, respectively. The equation is most dependable when the hot water 
solubles lie between 65 and 40 per cent. The standard error of estimate at each of the limits 
of the range is + 0.3 and +0.1 per cent, respectively. 


A Low Temperature Conductimetric Elucidation of Chromium Sulfate Complex 
Ions. By $. G. Shuttleworth. J. Soc. Leather Trades’ Chemists, 34, 186 (1950). Inasmuch 


as the slopes of conductimetric titration curves of chromium sulfate complexes at high 
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dilution were found to vary with the speed of titration, thereby making it inaccurate to 
calculate the extent of coordination of sulfate from these slopes, an apparatus was designed 
for carrying out the titration at 5°C. The rate of complex change was much reduced as 
compared with that at 25°C. The essential features of the equipment were the circulation 
of brine froma thermostatically controlled brine tank containing the titration beaker through 
the burette jacket which enclosed the lower half of the burette. The author drew a number 
of conclusions from his work as noted. (1) By carrying out conductimetric titrations at 
5°C. instead of 25°C. it is possible to reduce the rate of decomposition of chromium sulfate 
complexes at M/4000 to a degree where rapid titration enables the slopes of the lines to be 
utilized for calculating the complex bound sulfate. (2) At this temperature the character- 
istic break in the titration curve of one third basic chrome sulfate solution no longer exists, 
indicating that this break is due to the drift of co-ordinated sulfate at 25°C. from the two 
thirds basic complex formed during titration at this high dilution. (3) Calculation shows 
that a freshly boiled 10 per cent solution of one third basic chrome alum contains about 80 
to 90 per cent of the titratable sulfate in the complex, which suggests that, if the complexes 
are mainly composed of two chromium atoms per molecule, about 60 to 80 per cent will be 
unchanged and the remainder cationic. (4) The absence of four lines of different slope 
in the titration curve suggests either that the mobility of the complex is very close to that 
of the sulfate ion (which seems unlikely for a large non symmetrical molecule), or that the 
attachment of sulfate by a single co-ordination link to chromium is very unstable. (5) Three 
independent observations suggest that the six numbered ring formed by sulfate with two 
olated chromium atoms is more stable than the four membered ring formed by a single 
chromium atom with the sulfate group. (6) Conductimetric titration curves obtained with 
chrome alum solutions boiled at various concentrations show that the characteristic breaks, 
due to the drift of sulfate from the complex at 25°C. are again absent at 5°C. Calcula- 
tions of complex bound sulfate from the slopes of the curves give somewhat higher results 
than those of Atkin and Chollet, using the benzidine hydrochloride method, indicating 
that alkali probably has a greater affinity for the non-complex bound sulfate, which is ti- 
trated preferentially in the early part of the curve, thus giving a higher slope from the 33 
per cent basic point onwards. (7) The results of Atkin and Chollet show that hydrolysis 
of chrome alum between 150 g. liter and 10 g. liter liberates two equivalents of sulfate from 
the complex for each OH group formed by hydrolysis. It is suggested that this is due to 
the instability of the single co-ordination link attachment of sulfate to these chromium sul- 
fate complexes, so that either the sulfate is loosely attached by a single bond which is broken 
by benzidine sulfate, or else this single bond is displaced by a co-ordinated water molecule 
spontaneously. The former alternative would explain Plant’s observations regarding the 
charge on the complex at concentration above 100 g. liter. (8) Tentative structures are 
suggested to fit the available information regarding the chrome alum and the basic chrom- 
ium sulfate complexes. 


Color Formation in Gelatin Manufacture. By J. N. Blake and F. H. Plaster. J. Soc. 
Leather Trades’ Chemists, 34, 177 (1950). While various agents have been regarded as 
causing the brown color when gluestock is hydrolyzed, and methods developed for over- 
coming it, the authors investigated the possibility of sugar as the cause of the color formation. 
The method used to determine the carbohydrate content of collagen and gelatin was based 
on the orcinol method of Sorensen and Hangaard. Values for the lactose content of gela- 
tins of 0.40 to 0.68 per cent were found, and for air-dry split hide a value of 0.95 per cent 
was obtained. The sugar gelatin reaction was investigated and its color forming action 
demonstrated. The results suggest that the sugar present in the collagenous raw material 
might influence the formation of color in gelatin manufacture but no proof is put forward 
that it is the main factor, 
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Diffusion Studies on Dilute Aqueous Glycine Solutions at One and Twenty- 
Five Degrees with the Gouy Interference Method. By M.S. Lyons and J. V. Thomas 
J. Amer. Chem. Soc., 72, 4506 (1950). The Gouy method for diffusiometry was applied to 
the measurement of diffusion coefficients of glycine in aqueous solutions of concentrations 
up to 4.8 grams of glycine per 100 ml. solution at 1.0 and 25°. Refractive index increments 
were calculated from the results of the same experiments, and density and viscosity data 
were also obtained for glycine solutions at 1°. The concentration dependence of the diffusion 
coefficients is not predicted correctly by Gordon's empirical equation, but the experimental 
behavior may be qualitatively explained by the suggestion of Robinson that glycine causes 
a breakdown in the ice-like structure of water. 


The Kinetics of Chrome Tanning III]. By P. S. Bri J. Soc. Leather Trades’ 
Chemists, 34, 165 (1950). The object of this paper is to amplify the work reported in Part I. 
See This Jour., 43, 56 (1948) and to give the detailed results of some of the tannages from 
which the idea of the contact drop was developed in Part If. (See This Jour., 43, 570(1948). 
The usefulness of the exhaustion equation is further demonstrated and the alteration in 
its characteristics reflects the conclusion at which other workers have arrived from a study 
of the ultimate leather. In particular, the benefits of salt additions in regulating the course 
of tannage under different chromium concentrations is noted. Some criticism is put forward 
on current ideas of the role played by particle size of the chrome complex in tanning. The 
fact that the two to four chromium atom complex is small in comparison with the colloidal! 
or semi-colloidal molecules encountered in vegetable tanning makes analogies between the 
mode of action in the two tannages misleading. Little is known of the increase in chemical 
activity of the chrome complex as its size increases with increment in basicity. By tanning 
pelt at the iso-electric point in place of the more usual pickled pelt, the chrome complex 
does not undergo disturbance and it is possible to compare chemical affinities by comparison 
with the half uptake periods or the momentary speed of combination. The evidence brought 
forward is held to favor the chemical activities of the chrome complexes being of greater 
importance in the rate of chrome tanning than is the particle size. Since in these tannages 
there is an excess of protein over chromium and the molecular weight range is comparatively 
small, the idea is propounded that uneven chromium distribution throughout the hide is 
due to rapid chemical combination rather than to slow diffusion. In considering the rate of 
tannage as affected by concentration as the one variant, despite irregularities arising from 
hydrolysis at high dilution, there appears to be an exponential relationship between the 
speed of tanning and the chromium concentration. A survey is given of a number of tannages 
covering a period of years in respect to their half uptake periods and the general relation- 
ship between the half uptake period and the concentration of the tanning float has been 
calculated. 


Physical Testing of Leather Committee Report: Proposed Methods. By R. G. 
Mitton. J. Soc. Leather Trades’ Chemists, 34, 253(1950). The Committee recommended for 
adoption as Official three methods, namely (1) measurement of buckle tear load, (2) mea- 


surement of indentation index, and (3) measurment of resistance to compression. The 
three methods are described in detail. 


Investigation of Complex Formation in Solutions of Basic Chromium Com- 
pounds by means of Ionic Exchangers, Spectrophotometric Methods and Inter- 
action with Collagen. By K. H. Gustavson. J. Soc. Leather Trades’ Chemists, 34, 259 
(1950). The author summarizes his investigations as follows: From spectrophotometric 
investigations of dilute and concentrated solutions of basic chromium chlorides and sul- 


fates, and by the ion exchange method, typical data of the composition and structure of 
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these compounds, in both the absence and presence of their respective sodium salts are 
given. Dilute solutions of chemically pure 67 per cent acid chromic chloride (0.4 g. eq.Cr. 
per 1.) contain only cationic chromium complexes, and even in concentrated solutions (8 g. 
eq. Cr. per 1.) practically all chromium in this form. These cationic complexes contain no 
complex bound Cl-groups. They exist in the form of hydroxo— or oxo-chromic complexes. 
The light absorption spectra of these solutions, measured in a concentration of 0.06 g. eq. 
Cr.per 1. are practically indentical, agreeing with results by the ion-exchange method. 
The same basic chromic chlorides containing sodium chloride (their composition corres- 
ponding to Cro(OH)sCl,2NaCl), contain only positively charged complexes in dilute solu- 
tion. These are free from chloro-groups. In highly concentrated solutions, a few per cent 
of the total chromium is present in the molecular form (unchanged complexes): the greater 
part consisting of cationic complexes. These exist partly in the form of chloro-oxi-chromium- 
cations. The absorption spectra of the dilute and concentrated solutions of the chlorides, 
measured in a concentration of 0.06 g.eq.Cr.per 1., show marked differences; the optical 
density of the concentrated solution being very much greater than that of the dilute solution, 
measured at the same concentration. Further, the maximum of absorption of the con- 
centrated solution is shifted towards the longer wave-lengths. 

Dilute solutions of chemically pure 67 per cent acid chromic sulfate, without NasSO,, 
contain only positively charged chromium complexes; with one sulfate group held by two 
atoms of chromium in the complex. About 90 per cent of the total chromium of the con- 
centrated solution, 8 g. eq.Cr per 1., is present in the form of cations, the rest being un- 
charged. The light absorption spectra of the two solutions are practically identical. By the 
addition of one mole Na,SO, per mole Cr.O;, yielding the compound of the general type: 
Cr,(OH)o(SO,4)o.NasSO,, the ion exchange results indicate that practically all chromium 
carries a positive charge in dilute solutions. On the other hand, concentrated solutions 
contain uncharged complexes as their main constituent (molecules of basic chromic sulfate). 
A few per cent of the total amount of chromium is present in the form of negatively charged 
complexes: the rest carrying positive charge. The extinction coefficient of the concentrated 
solution is considerably greater than that of the dilute solution, measured at 0.06 g. eq. 
Cr per 1. The spectrophotometric indications of very marked alterations in the structure 
of the chromium complexes of basic sulfate with increased concentration of chrome in the 
presence of nautral sulfates, confirm the results from the ion exchange reaction. By tanning 
for short periods (2-4 hrs.) with 67 per cent acid sulfate, Cr,(OQH )o(SO4)2.NasSO,, in (1) 
aged solutions and (2) solutions diluted to the final concentration immediately before use 
(0.4 g.eq.Cr.per 1), pelt fixes 50 - 100 per cent more chrome from the freshly prepared 
solution containing uncharged complexes as the main constituent, than from the aged 
solution, with equilibrium attained, consisting mainly of cationic complexes. The shrinkage 
temperature of pelt tanned in the former solution is a few degrees lower than that tanned 
in the aged solution. It is noteworthy that chrome fixation and the shrinkage temperature 
of pelt tanned in basic chromium sulfate devoid of sodium sulfate are practically the same 
whether aged or freshly prepared solutions are used. The same trend is shown by the basic 
chromic chlorides, with or without sodium chloride and irrespective of the chrome concen- 
tration. The difference in behavior of solutions of basic chromic sulfates of the regular 
chrome liquor type according to the chrome concentration is considered to be due to the 
uptake of uncharged, probably aggregated chromium complexes by collagen. Results of 
these and earlier investigations agree with the concept of chrome tanning as a multipoint 
attachment of the positively charged chromium complex to the negatively charged carboxy! 
groups of collagen, immediately leading to a direct association of the carboxyl groups with 
the chromium atom of the complexes by conversion of the labile electrovalent link, initiat- 
ing the reaction, to the stable co-ordinate-covalent link of the final chrome-collagen com- 
pound. A supplementary fixation of non-cationic chromium complexes by collagen on its 
non-ionic groups occurs under certain conditions. 
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Reaction of the Natural Tanning with Boric Acid. By A. T. Hough. J. Soc. Leather 
Trades’ Chemists, 34, 278(1950). Beginning with the well known reaction of boric acid with 


certain organic compounds having adjacent hydroxyl, a study of the reaction was extended 
to phenol-formaldehyde condensates. Thus when a mixture of phenol and formaldehyde 


is heated with an alkaline catalyst and a sample is taken at intervals and titrated witha 
neutral borate solution using a pH meter, the curves obtained showed that whereas the 
unreacted mixture did not respond to the presence of the borate, as condensation took 
place and the time of heating was prolonged, so the increase of the quantity of condensate 
produced yielded a solution which became more and more acid upon adding the borate, the 
initial pH of 8.5 decreasing to 5.0. Of immediate interest to leather chemistry is the fact 
that the presence of the boric acid considerably influenced the amount of material fixed by 
collagen during tanning experiments, and also the quality of the leather. Leather tanned 
with the phenol condensate alone was thin and empty after samming and staking. When 
boric acid is added to the condensate a full skin of good feel is obtained on staking. Solu- 
tion of commercial tanning extracts containing 2 per cent tannin were brought to pH 6.5 
with caustic soda and then titrated with 2 per cent boric acid solution. Each material yielded 
a characteristic curve. A second series of curves was obtained wherein the initial pH was 
adjusted to 5.0. Gallic acid reacted most weakly. Sulfite cellulose was a close second. In- 
creasing reactivity followed in the order: tannic acid, myrobalams, sulfited quebracho, 
mimosa, ordinary quebracho, reduncta and chestnut. It is apparent that boric acid does not 
react with all the tannophore groups in commercial tanning materials, but only with those 
having the correct spatial lay-out. This thought might be applied in studying the consti- 
tution of tannins, or in a practical way in the tannery to modify tanning practices and the 
quality of the leather obtained. Boric acid can react with many of the nontans such as 
pentoses, hexoses, hemi-celluloses and lignin derivatives. It is suggested that some con- 
sideration might be given to replacing strong acids in the hot pit liquors with boric acid. 
Further work is in progress to determine whether as good tannin fixation can be obtained 
with addition of boric acid and no heat as is gotten by the present procedure. 


Regenerated Keratin Fibers from Wool. By F. Happey and R. L. Wormell. J. 
Textile Inst., 40, 855(1949). Through J. Soc. Dyers and Colourists, 66, 339(1950). Methods 
are described by which wool is dispersed and extruded into a continuous-filament yarn with 
a ¢-keratin structure. The wool is dissolved by cold digestion with sodium sulphide solution, 
reprecipitated, redissolved, refined in cuprammonium, and again reprecipitated. Finally 
an approximately 35 per cent solution of the wet curd is made in either cuprammonium or 
immonia, and after filtration, the yarn is spun into a salt bath, and stretched and hardened 
in two stages. The tenacity and extension of the final yarn are respectively 1 g./denier and 
30 per cent at normal condition and 0.3 g./denier and 33 per cent wet. The stretching and 
hardening greatly improve the yarn properties, and X-ray photographs show that there 
is an increase in the crystallinity of the %-keratin which may be carried almost to the limit 
by stretching the finished yarns in steam. It is suggested that the process provides a means 


of regenerating a continous-filament $-keratin yarn from waste wool and other z-keratin 
proteins. 


Para-Nitrophenol as a Fungicide for Leather. By F. O'Flaherty. Lea. Mfg., No. 
10, 5(1950). It has been found that 0.3 per cent para-nitrophenol gives leather superior 
mold resistance which is safe for use in close contact with the human skin. It can be incor- 
porated into leather during oiling, by spraying, or by impregnation. Analysis of treated 
leather for mold resistance and para-nitrophenol content by previously published methods 
is described, 
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Extraction of Sumac. By F. L. Hilbert. Lea. and Shoes, 120, No. 15, 11(1950). Sumac 
is preferably leached in open wooden leaches, at a temperature of 110-140°F., although the 
author states that he has successfully extracted sumac leaves at 165°F. Proper leaching 
is dependent on the careful control of four factors, namely volume, circulation and tempera- 
ture of extraction water, and time or duration of extraction. Sumac extract from domestic 
leaves, if produced at relatively low temperature, is quite satisfactory for the tanning of 
light colored leathers suitable for shoe linings and fancy leathers. Sicilian sumac is, however, 
generally considered superior to the domestic product. 


Alpka-Monostearin and Sodium Stearate as Emulsifying Agents IIf. By H. H.G. 
Jellinek and A. Gordon. J. Soc. Chem. Ind. 69, 235(1950). The action of sodium chloride, 
barium chloride, magnesium sulfate, aluminum sulfate, sodium nitrate and sodium sulfate 
on emulsions containing 1.0 per cent a-monostearin in water-white-oil and 0.5 per cent 


sodium stearate in water was investigated. The phase separation curves for the emulsions 


containing the univalent salts were similar. The emulsions were of the oil-in-water type; 


the oil separation became very rapid when a certain concentration of salt was reached. 
The bi- and tervalent salts caused phase inversion of the emulsions and precipitation of 
some of the emulsifying agents. The stability of the emulsions decreased with decreasing 
pH values and the structure of the emulsions became complex. At higher pH values very 
mobile and stable oil-in-water emulsions were obtained. 


The Cuticle of Wool. By N. Gralen. J. Soc. Dyers and Colourists, 66, 465(1950). 
Friction between woo! fibers is smaller than friction between other fibers. This is explained 
by a thin fiber coating, the epicuticle, which was discovered by means of the electron micro- 
scope. The epicuticle is resistant to chlorine, acids, and enzymes. Alkaline treatment 
perforates it. The cuticle below the epicuticle consists of an intermediate layer, the exo- 
cuticle, and the scale substance proper, the endocuticle. The epicuticle prevents diffusion 
of large molecules, e. ¢. those of dyes. The Allworden reaction and staining tests for damage 
are explained by the existence of the epicuticle. It is easily damaged by mechanical treat- 
ments. Its removal gives an increase in fiber friction and thereby anti-felting properties. 
The importance of the frictional properties of fibers for spinning and wearing qualities is 
stressed. In the discussion which followed the paper it was brought out that the cuticle of 
wool is composed of @-keratin and that the bulk of the wool inside consists of g-keratin. 
his is of importance since the g-form has powerful interchain hydrogen bonding, resulting 
in much stronger structure than the g-form,in which most of the hydrogen bonding is 
within the same chain. It would appear as though wool has a tough outer shell and an elastic 
interior, an Observation also noted with respect to hair, 


On the Configurations of the Peptide Linkage in Proteins and Some Other Sub- 
stances as Revealed by their Near Infrared Absorption Spectra. By M. Tsubol, 
Bul. Chem. Soc. Japan, 22, 255(1949). The author made infrared absorption measurements 
in the 3-u region of some materials, including egg albumen and horse serum, from which he 


deducted that the peptide linkage in proteins is of the trans configuration. 


Size Distributions of Emulsions. By :H. H. G. Jellinek. J. Soc. Chem. Ind., 69, 225 
1950). A systematic treatment of distribution functions of emulsions and their average 
quantities is given. An equation derived by Rossi expressing number-size distributions of 
emulsions is discussed; additional distribution functions and average quantities are derived 
for this case. 
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Alpha-Monostearin and Stearate as Emulsifying Agents II. Size Distributions. 
By H.H.G. Jellinek and H. A. Anson. J. Soc. Chem. Ind., 69, 229(1950). Size distributions 
were determined on emulsions containing a-monostearin in water-white-oil and sodium 
stearate in water at definite time intervals. The stability of the emulsions was found to de- 
pend on the concentration of the emulsifying agents and also on the mode of preparation 
of the emulsions. A homogenized emulsion was shown to be very much more stable than 
unhomogenized emulsions. The relationship between average diameters and specific areas 
with time was found to be approximately linear. Homogeneities and_ stability factors 
were evaluated for these emulsions. A mathematical analysis of the distribution curves 
was made. 


The Oxidative Dyeing of Keratinous Protein Fibers. I. Dyeing of Wool with 
Colorless 2:4:5 - Trihydroxytoluene. By H. Burton and J. L. Stoves. J. Soc. Dyers and 
Colourists, 66, 474(1950). Wool fibers can be dyed various shades of brown by aqueous 
solutions of the colourless 2:4:5 - trihydroxytoluene. Simultaneous treatment with various 
metal salts causes a pronounced darkening in the shade, which becomes almost black with 
ferrous iron. The brownish-black stain obtained by application of the trihydroxytoluene to 
living skin is attributed to the formation of a coordination complex derived from a thio. 
hydroxytoluquinone and iron; a similar process can thus be separated into two distinct 
stages with wool 


Subcuticle Membrane-A Recently Discovered Morphological Component of 
Wool Fiber. By P. Alexander and C. Earland. Text. Research J., 20, 298(1950). Through 
J. Soc. Dyers and Colourists, 66, 495(1950). When wool is treated with a cold aqueous 
solution of peracetic acid for 25 hr., more than 90 per cent of the cystine present is oxidized 
and the wool becomes freely soluble in dilute ammonia except for a resistant fraction com 
prising 7-10 per cent of the whole. This fraction is membrane-like in form and is believed to 
represent the “‘sub-cutis’, a sheath-like laver between the scales and the cortical cells in the 
fiber. The membrame is continuous, is resistant to chlorine solutions of any pH,and is a 
protein. It contains no cystine, but some cystic acid}has been found. All the amino 
acids present in normal wool have been detected. [ts resistance to alkali is similar to that of 
untreated wool, [ts increased resistance to chemicals points to the existence of a covalent 
linkage, e. g., an ether linkage, not present in the rest of the wool. It may act as a selective 


membrane which in alkaline solution will have a negative charge and retard the diffusion of 
anions into the fiber. 


Rate of Acid Sorption by Wool Fibers. By J]. Lindberg. 7ext Research J., 20, 381 
1950). Through J. Soc. Dyers and Colourists, 66, 495(1950). The rate of diffusion of 
mineral acids into wool fibers has been measured by dispersing short fibers (1-3 mm. long 
in acid solutions and determining the decrease in concentration by means of a conductivity 


cell. Using the treatment developed by Crank ( Phil. Mag. 38, 794(1947); 39, 140, 362(1948 


for the sorption of a solute from a solution by a sorbing medium in plane sheet or cylinder 


form, the diffusion constant was calculated. The experimental curves of diffusion against 
time showed good agreement with the theoretical curves. It is shown that when wool is 
treated with substances known to impair the epicuticle of the fiber, e. g. alcoholic caustic 
potash, the rate of diffusion of acids into the fiber is increased. 


Kjeldahl Method for Total Nitrogen. By P. L. Kirk. Anal. Chem., 22, 354(1950). 
rhe present status of the Kjeldahl method leaves much to be desired in spite of its wide 
use and tremendous value to industry, nutrition, physiology, biochemistry, and medicine. 


Fundamental research is still needed to elucidate and improve the digestion process for use 
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with different forms of nitrogen. The question of reducing and oxidizing agents other than 
sulfuric acid, and the matter of the proper catalyst, particularly require further funda- 
mental investigation. Most significant is the rapid development and wide adoption of the 
micro and ultramicro forms of the Kjeldahl analysis. It is here that many of the most 
striking and significant developments are still to be expected, particularly in lowering the 
range of application and applying it to the exploration of minute biological systems, perhaps 
the living cell itself. 


Dumas Nitrogen Determination Using Nickel Oxide. By W. Kirsten. Anal. Chem., 
22, 358(1950). A description of modified and improved equipment. 


Water Analysis. By S. K. Love. Anal. Chem., 22, 264(1950). A review of analytical 
methods that have been applied to the analysis of water and reported in the technical 
literature. Most of the papers on the subject were published during the past year. 


Kjeldahl Microdetermination. By R. M. Silverstein and R. Perthel. Anal. Chem., 
22, 949(1950). Three modifications were made in micro-Kjeldahl equipment to insure 
greater accuracy. An all-glass check valve was placed on the steam generator to prevent 
suck-back of material into the generator, or of distillate and receiving acid back into the 
distillation flask. A Goessman trap on the receiver containing the trapping liquid assured 
retention of the ammonia. The third modification is the use of 2 per cent boric acid in the 
receiving flask and titration with 0.01 N potassium biiodate solution. 


Ultramicrodetermination of Nitrogen. By W. L. Doyle and J. H. Omoto. Anal. 
Chem., 22, 603(1950). To avoid bumping two heated metal blocks are used as digestion 
rac ks; one serves to remove most of the water, the second, to complete destruction at 
250°C. The ammonia is received in potassium dihydrogen phosphate and titrated with acid 
to pH 4.6, using bromocresol green as indicator. 


Paper Chromatography. By D. L. Clegz. Anal. Chem., 22, 48(1950). A review of the 
subject with 229 references. Paper chromatography has proved a versatile and useful tool 
in some types of work, notably biochemistry requiring analysis or separation on the micro- 


gram scale. Some procedures are suitable for routine work. 


Chromatography. By H. H. Strain. Anal. Chem., 22, 41(1950). A review with 142 
references. 


Determination of Certain Nitrogen-Containing Functional Groups in Organic 
Compounds. By W. W. Becker. Anal. Chem., 22, 185(1950). Literature references and 
outline of procedures are given for the determination of the nitrate, nitro, diazo, azo, amino, 
amide, alkimide, and nitrite groups in organic compounds. The methods listed are specific 
for the particular group in question, but they may not necessarily be the shortest ones to 
use if no interfering constitutents are present. 


Volumetric Analytical Methods for Organic Compounds. By W. T. Smith, Jr., 
and R. L. Shriner. Anal. Chem., 22, 101(1950). The authors discuss a number of volumetric 
analytical methods among which the following are of interest to the leather chemist: 


sulfides and disulfides, sugars, nitrogen, sulfur, lactic acid, aldehydes and amino acids. 
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Indicators. By I. M. Kolthoff. Anal. Chem., 22, 65(1950). Eighteen azo dyes are listed, 
along with their names, constitution, acid and alkaline colors, color change interval (pH), 
and oxidation-reduction property with respect to color. 


Estimation of Amino Acids and Amines on Paper Chromatograms. By R. J. 
Block. Anal. Chem., 22, 1327(1950). Detailed directions are given for the preparation of 


one-and two-dimensional paper chromatograms for the separation of all the common z 
amino acids and a number of nonvolatile amines. The quantity of color, as measured by a 
simple photoelectric densitometer, developed by ninhydrin or other reagents in each spot 
on these chromatograms is proportional to the concentration of the substance at the spot. 
This observation has been used as the basis for estimation of amino acids in less than 0.1 


mg. of casein nitrogen, 


Determination of Fluorine in Organic Compounds by Titration with Aluminum 
Chloride. By M. J. Gilbert and J. H. Saylor. Anal. Chem. 22, 196(1950). Organic com 
pounds containing fluorine are fused with metallic potassium and the fluoride ion separated 
by distillation as hydrofluosilicic acid. The fluoride ion is subsequently titrated with alumi- 
num chloride, using eriochromeyanine R as indicator. Results with 25 organic compounds 
containing fluorine agreed closely with the theoretical. 


Quantitative Determination of Amino Acids by Iodometric Titration of Their 
Copper Salts. By W. A. Schroeder, L. M. Kay and R. S. Mills. Anal. Chem., 22, 760 
1950). The method of Pope and Stevens for the determination of amino nitrogen in pro- 
tein hydrolysates by means of the iodometric determination of the soluble copper salts of 
the amino acids has been reinvestigated, with the result that a better definition of some of 
the variables that made difficult the duplcation of their results has been obtained. By the 
use of washed copper phosphate, fourteen of nineteen naturally occurring amino acids wert 
determined with an accuracy of +1.0 per cent in quantities of 0.05 to 0.20 millimoles. 
Three gave high but consistent results, while histidine and cystine could not be determined 
satisfactorily. The deadstop end-point method was used to decrease subjective error of 
iodometric determination 


Mechanical Flaying in Italy. Leather Trades Rev., 98, 63(1950). A flaying machine, 
acting similarily to an oscillating safety razor protected by a comb-like shield, and operated 
pneumatically, has been introduced into a number of Italian abattoirs. It appears to be 


a forward step in flaying as judged from the improved take-off 


Antrycide. Leather Trades Rev., 98, 234(1950). The annual report of the East African 
Veterinary Research Organization records that some 60 cattle treated with the drug An 
trycide were introduced into a fly area in Kenya Colony last September, and all but two 
died within four months, after developing trypanosomiasis in the first month. It was dis 
covered that the trypanosomes had become resistant to the drug. It is recommended that 


more attention be now paid to the curative properties of the drug, and that local cattle be 
tested as to their susceptibility to it. 


Adulteration of Crust East India Leathers. Leather Trades Rev., 98, 2371950 
Since there is nothing in the tanning of East India hides to warrant the presence of 18 per 
cent of glucose in the finished leather, it is believed that recent shipments showing this 
amount of glucose have been intentionally adulterated. Some leathers have also shown 
from 5 to 23 per cent Epsom salts. From time to time excessive grease has been reported, and 
and it is noted that this type of adulteration also continues. 
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American Type Chrome Retan Leathers. Leather Trades Rev., 98, 63(1950). The 
British object to vegetable retannage of chrome leather on the grounds that retannage 
contracts the leather, detracts from the natural silky feel of the grain, tightens the leather, 
and reduces its strength. On the other hand, practice of retanning is firmly established in 
the United States, and Sweden is producing chrome retanned shoe lining leathers, for which 
greater strength and fullness are claimed. 


Tannin-Formaldehyde Resins as Adhesives for Wood. By L. K. Dalton. Australian 
J. App. Sci., 1, 54(1950). The tannins extacted from Acacia mollissima, Callitris calcarata, 
Callitris glauca, Eucalyptus redunca, Eucalyptus consideniana and Eucalyptus crebra, react 
with formaldehyde to form resins which have been examined as adhesives for wood. The 
rates of condensation of these tannins with formaldehyde have been assessed by measuring 
the gelation times. The adhesives produced with extracts from A. mollissima, C. calcarata, 
C. glauca and EF. crebra set at moderate temperatures, forming with wood strong water 
resistant bonds. Adhesives prepared from the tannins from A. mollissima and C, calcarata 
set at room temperature to give bond with strength somewhat lower than those obtained 
from typical commercial adhesives, but having water resistance superior to the cold-set 
urea-formaldeyde adhesives. 


Determination of Iron Content of Chestnut Extract. Leather World, 42, 5604(1950). 
A five gram sample of powdered extract, or a ten gram sample of liquid, is ashed, the ash 
dissolved in hydrochloric acid and the iron precipitated with ammonia. The precipitate is 
dissolved with hydrochloric acid, the solution made to volume and a known quantity to 
which potassium sulfocyanide has been added compared colorimetrically with iron standards 
similarily treated. 


Fluctuations in the Incidence of Warbles in Hides in England and Wales. Leather 
World, 42, 210(1950). Since 1940 sufficiently detailed statistical information on domestic 
hides in England and Wales is available to evaluate the decrease in warble infestation of 
the hides. The number of warbled hides is now only about half that of 1943. Warble mani- 
festation is greatest in April-June hides and least in November—January hides. The greatest 
decrease appears in October-December hides, while the least reduction occurs in the April- 
July hides. The warble situation in France is also discussed, but here a feeling of pessimism 
exists because of the fact that progress in eradication of the warble is so slow. 


Properties of Chemical Engineering Materials of Construction. Jnd. Eng. Chem., 
42, 2026(1950). This is the second section on chemical engineering materials of construc- 
tion, the first appearing in 1948 in the above publication. It supplements, and in some in- 
stances, revises the data previously reported. The present report covers aluminum alloys, 
cements, elastomers, synthetic fibers, iron, mild steels, low-alloy steels, nickel and high- 
nickel alloys, plastics, hard rubber, tin and tin alloys, and the less common metals. Aside 
from giving the composition and physical properties of the materials, their resistance to at- 
mosphere, water, acids and other chemicals are also tabulated. 


The Charge of the Leather Surface. By G. Otto. Das Leder 1, 81, 105, 133 (1950). 
The suriace charge is an expression of the ability cf the leather to react with polar sub- 
stances. The isoelectric point of limed collagen is 4.9-5.2; above this pH value collagen 
binds anions and below this value, cations. Tanning is merely the taking up of charged 


bodies by the hide. Vegetable tannins are weak acids and are fixed to skin mainly by 


secondary valences. The surface charge of vegetable tanned leather is much more nega- 
tive than that of isoelectric hide substance or skin in the weak acid region. Because of this 
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strong negative charge it attracts positive ions such as the cations of basic dyes. On the 
other hand it has less tendency to fix high molecular anions such as substantive dyes or 
sulfonated oils because its surface is already saturated with tannin anions. Sulfiting a veg 
etable tannin increases its negative charge. Leather tanned with sulfited extracts or syn« 
tans can be dyed with anionic dyes only if enough acid is used to lower the pH value be- 
low the isoelectric point. After dyeing such leather with acid (anionic) dyes, tanners often 
use a basic dye to obtain saturation in spite of the disadvantages of this type of dye. The 
conditions during mineral tannage are more complex. From the hydrolysis products of 
salts of chromium, iron, or aluminum, the hide may take up either complex cations or 
anions, depending on the acid radical. These cations or anions, if not stabilized by drying, 
are very reactive and may bind other anions or cations. The surface of mineral tanned 
leather is usually positively charged. To dye this leather with basic dyes it is necessary to 
first treat it with anionic (negatively charged) substances such as vegetable tannins, syn- 
tans, or an acid dye. The principal result of neutralization of chrome leather is a reduction 
of the strong positive charge so that negative dyes and fat emulsion particles are not ab- 
sorbed too rapidly and therefore unevenly. Carbonate and borate are poor neutralizers 
because they do not prevent uneven dyeing. Suitable salt mixtures for neutralizing chrome 
leather are on the market, however. Retanned leather is usually made by retanning chrome 
leather with vegetable tanning materials. The chrome leather is positively charged and 
therefore takes up the vegetable tannin, which is negatively charged, with great rapidity 
so that it is desirable to repress this action. Mild tanning materials such as gambier or 
sumac may be used, or the positive charge may be reduced by the use of sulfonated oils or 
of acids that tend to form stable complexes with the chrome salt. Retanning vegetable 
leather with chrome is similar to the above except that the resulting chrome complex is 
more acidic. Dyeing may be too rapid and therefore uneven if the surface charge of the 
leather is too great. Even dyeing may be obtained by brushing on several applications of a 
weak dye solution or by using with the dye a substance having colorless tons with the same 
sign as the dye ions. Some of the products on the market for this purpose were made for 
textiles, and are unsuitable for leather because they contain a fat group and change the 
leather characteristics. Leather tanned with syntans has a negative surface charge, how- 
ever, it can be dyed with anionic (negative) dyes if the positive groups of the collagen are 
first charged by lowering the pH value. The acid should not be added with the first addition 
of dye but later, in order to secure slower and more even take-up of dye. Substantive dyes 
are not usually satisfactory for anionic tanned leather. They are not soluble in the presence 
of acid, as a rule, and at higher pH values they attach by secondary ,valence to the same 
points as the vegetable tannin. They therefore find few points for fixation and penetrate 
entirely through the leather. The chrome leather surface has a positive charge and there- 
fore little affinity for basic dyes. To secure even dyeing with anionic dyes a buffer such as 
“Tamole’’ may be used. Tamole is a neutral salt of tanning sulfo acids; it has active, color- 
less anions that combine with the leather in the same manner as the dye. Two types of 
lamoles are available; (1) an acid dye type suitable for pastel shades, in which sulfo groups 
predominate and fixation is by principal valences, and (2) a substantive dye type which 
combines by secondary valences and is suitable for equalizing fuller tones. By use of these 


salts with colorless ions the affinity between leather and dye can be reduced so that the dye 


will penetrate through the leather. The natural dyewood extracts have a similar action for 
it has been shown by chromatographic methods that they contain both colored and color- 
less ions. Chrome velour leather must be staked and oiled before dyeing. Egg yolk is there- 
fore used so that oil will not interfere with the dyeing; however if the egg yolk spoils it 
liberates phosphate which enters the chrome complex and so interferes with dyeing by re- 
ducing affinity for anionic dyes. Synthetic products do not have this disadvantage. Fat 
liquors are mostly emulsions with a negative charge and are unstable in acid solutions, 
however there are now available products with soluble cations. These usually contain pent- 





ABSTRACTS 


avalent nitrogen. Upper leather requires more fat in the outer thirds than in the center 
but clothing leather should have the fat evenly distributed. By the use of proper agents the 
fat can be made to deposit either on the surface or evenly through the cross section of the 
leather, LEXA. 


The Chemistry of Chromium in Chrome Leather. By G. Otto. Das Leder, 1, 153 

1950). After drying, chrome leather cannot easily be wet by water, it may no longer stand 
the boil test, and does not contain acid in the ionic form. If the leather before drying, is 
treated with compounds of dipole nature similar to water, such as polyglycerin or poly- 
glycolic ether, it can be wet back. The behavior of chrome leather to dyes was studied to 
throw light on this complex process. Chrome leather neutralized with sodium bicarbonate 
does not take up basic dye if it is in the fresh condition but will take up basic dye after 
drying. Chrome leather will also take up basic dye if neutralized with a complex-forming, 
buffer salt mixture such as Neutrigan C instead of bicarbonate. The fact that both this 
type of neutralization and the drying of bicarbonate neutralized leather change the dyeing 
characteristics so that (1) there is more uniform dyeing with pure anionic dyes, (2) de- 
velopment of an affinity for basic dyes, and (3) a reduction in reactivity of chrome and 
chrome dyes (i.¢e., inner complex salts with deeper color do not form) indicate that in both 
processes there is formation of anionic chromium complexes. LO, 


Observations on the Determination of Insolubles in Tannin Analysis. By Hans 
Batzer. Das Leder, 1, 156 (1950). A modification of the Wislicenus apparatus for deter- 
mining soluble solids by the candle method is given. The method for standardizing the filter 
candles is not adequate. A thorough study of the method for insolubles or soluble solids 
is needed. Vacuum filtration should not be used; a syphon or a pressure system is better. 


LD. 


Tanning With Water Soluble Synthetic Resins. By Max Schwank. Das Leder, 1, 
177 (1950). The solubility and tanning behavior of melamin, methylolmelamin, and Artan- 
ol WL (Ciba) are briefly described. Directions are given for tanning with synthetic resins 
either alone or in combination with chromium. roe. 


Determination of Tannin in Vegetable and Synthetic Tanning Extracts. IV. 
The Accuracy of the Filter Method. By Oskar A. Miller and F. Stalder. Das Leder, 
1, 210 (1950). The filter method is known to give higher tannin values than the shake 
method. The following four possible causes for this have been suggested: (1) The wet hide 


powder used in the filter method is a better absorbent than the dry chromed hide powder 


used in the shake method, (2) Absorption of water of swelling by the dry hide powder may 
increase the concentration of nontannin and thus lower the tannin value, (3) The quality 
of the hide powder may affect the results, and (4) In the filter method the nontannin solu- 
tion comes in contact with fresh hide powder. Ina test with pine extract and Irgatan, pre- 
wetting the hide powder used in the shake method did not alter the results, so the first sug- 
gestion is not valid. The concentration of a nontannin filtrate was not increased by addi- 
tion of more hide powder; rather it was decreased and the tannin value therefore raised. 
The quality of the hide powder should affect both methods in about the same way. In the 
filter method the first portion of the filtrate is discarded and in the shake method the sol- 
uble protein from the hide powder is precipitated by the tannin. To test the fourth sug- 
gestion, 8 filter tubes were packed with triple portions of hide powder and used for the 
analysis of 4 vegetable extracts and 4 syntans. The fitrate was collected in 14 25cc. por- 
tions, the first 4 beging considered pre-run fractions and the last 4 post-run fractions. Typi- 
cal results expressed as purities rather than as percentages of tannin, were as follows; 
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Official 
Fraction filter Shake 
Extract il method method 


Chestnut dry basis ; 82 8 82 81.0 
Chestnut ash free 82.3 81 


) 
Quebracho dry basis i 88 R89 3 


Quebracho ash free : s 87 87.9 
Paratan 52 dry basis ) : 46 51.8 
Paratan 52 ash free ; 58. 45.1 50.8 


Purity as determined from fraction 1 was low. It reached a maximum with fractions 3 to 5, 
then decreased either slowly for vegetable tannins or rapidly for syntans as filtration con 
tinued. The low result with the first fraction was caused by soluble matter from the hide 
powder. When a carefully purified hide powder was used the first fraction gave practically 
a maximum purity value. The tannin removed by the filter method but not by the shake 
method has been called ‘‘semi-tannin” by Schréder. It has little astringency and no prac- 
tical value as is shown by the following experiment. The tannin was removed from a quan- 
tity of chestnut extract by the shake method, then this solution was passed three times over 
carefully purified hide powder by the filter method. Only 0.044 grams of tannin was re- 
moved from a liter. Based on the hide powder used, this represents a tanning value of 0.8 
per cent as compared with a value of over 60 per cent for the original extract. 1.D.C. 


Contribution on the Determination of Tannin in Vegetable and Synthetic 
Tanning Extracts. I. A Simplified Shake Method for Series-Tests and Its Use in 
a Succession of Tests with Varying Hide Powder to Tannin Ratios and Increasing 
Times of Retannization. By Oskar A. Miller and F. Stalder. Das Leder, 1, 129 (1950). 
Various tanning materials are fixed at different rates by hide powder and this fact must 
be rec ognized in the shake method. Two series of tests should be made; one with increas- 
ing amounts of hide powder per 100 ml. of anlytical solution, and a second series in which 
the amount of hide powder and the volume of solution are kept constant but the time of 
shaking is increased from 0.25 hour up to 4 hours or more. The short time of shaking of 
10 minutes was apparently chosen in order to give little time for the hide powder to re- 
lease soluble matter to the solution and thus lower the tannin values. However, good hide 
powders will not give up enough soluble matter in 4 hours to affect tannin values. For 
vegetable tannins shaking for one hour is sufficient, although shaking for 4 hours does no 
harm, but for syntans it may be necessary to shake for from 10 to 18 hours or even more 
to obtain complete detannization. The analytical solution should not be diluted; it should 
contain 3.75-4.25 grams of tannin per liter. The pH of the solution is quite important, 
Syntans are adjusted to pH values suitable for special uses. All should be adjusted to 3.5- 
4.0 before analysis or the results will not be comparable. For some syntans it may be ad- 
visable to add mineral acid drop by drop during detannization if the pH value rises above 
+.5 and the filtrate gives a positive test with gelatin-salt solution. Further information 
on the degree of detannization is given by testing the filtrates with 1 per cent tannin solu- 
tion for dissolved hide substance and with gelatin-salt solution for tannin. The test with 
tannin is very sensitive but the gelatin-salt test is dependent on kind of tanning material, 
pH of the solution and quality of the gelatin. Only high quality, edible gelatin should be 
used. After swelling in cold water, it should be dissolved at a temperature not above 50°C. 
During the test the pH should be kept down to 3.5-4.0 and an observation made after 24 
hours if no precipitate is noted earlier. In the simplified method, the detannization is done 
in thick-walled glass tubes 11 cm. long and 33 mm. in diameter, closed with rubber stop- 
pers. After shaking, the solution and powder are pushed out with a close-fitting glass tube 
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(33-34 mm. diam.) into a funnel and round filter, 50 ml. of the filtrate is evaporated in 
porcelain on a water bath, then dried at 100°C. to constant weight. The residue is ashed at 
dull red heat and tannin and solubles are calculated to the ash-free basis. 


Il. Comparison of the Filter and Shake Methods, Including the Modified Shake 
Method. Das Leder, 1, 159. Comparative results were obtained from 3 laboratories on 
extract samples of chestnut, quebracho, oak, and pine. All used the official filter method 
and 2 laboratories used shake methods but each laboratory used a different lot or make of 
hide powder. The filter method gave tannin values that were 5-7 per cent higher than the 
shake methods. The modified shake method gave satisfactory results. There was con- 
siderable variation in the insolubles values because some used paper and others, filter 
candles; these differences were reflected in tannin values. Agreement between laboratories 


was good when the sums of tannin and insolubles were compared. 


Ill. Testing Hide Powder Quality. Dus Leder, 1, 160. Grasser’s Handbook gives as 
a criterion of suitable hide powder that a residue of not more than 0.005 gram shall be 
found in 100 cc. of water after shaking 15 minutes with 6.0-6.5 grams of the hide powder. 
Che official method provides only that the nontannin values from three different labora- 
tories must agree when the powder is tested on four different tannin extracts of which 
one must be a cellulose extract. This is not sufficient. A series of detannizations with 
varying amounts of hide powder should be made. 

The following seven hide powders were examined: (1) Freiberg No. 122 (1947), (2) Lyon 
EFT 3 (1948), (3) Kotva Czecho (1947), (4) Kotva purified by the author, (5) Freiberg 
No. 68B (1942), (6) England 12C (1938), and (7) No. 102 made by the author (1948). 
The first four were chromed, the last three unchromed. Soluble matter wes determined 
by shaking 7 grams of air-dry powder with 100 ec. of water for one hour. The following 
results, calculated to the moisture-free basis, were obtained: 


Soluble Soluble 
Organic Inorganic 


Powder Ash Matter Matter 
Number Per Cent Per Cent Per Cent 


| 0.69 0.13 
73 0.34 0.14 
16 0.76 0.38 
71 0.17 0.02 
24 1.30 0.09 


16 1 
45 0.34 


Low tannin values with chestnut extract were obtained if more than 3 grams of hide powder 


per 50 cc. of solution was used, except with powders Nos. 2, 4, and 7, which were low in 
soluble matter. 


Basicity Determinations for the Analytical Characterization of Technical Chrome 
Tanning Liquors. By J. Plapper. Das Leder, 1, 180 (1950). In the determination of acid 
in chrome liquors for calculation of basicity the chrome complex is not immediately broken 
up by the sodium hydroxide, especially if complex active organic acids are present. For this 
reason it is better to add an excess of standard sodium hydroxide solution, boil a few minutes, 
then ‘“‘back titrate’ with standard acid. If phenolphthalein is used for this back titration 
the carbonic acid is titrated to bicarbonate; that is, only half is determined. The ‘“‘bromo- 
cresolpurple”’ method is as follows: Dilute an amount of the chrome liquor containing about 
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0.2 grams of Cr to 100 cc. ina liter flask with carbon dioxide-free water, add 15 cc. normal 
sodium hydroxide solution, boil several minutes using a Bunsen valve, dilute to 400 ml. 
with boiling carbon dioxide-free water, add a little bromocresol indicator and titrate with 
normal hydrochloric acid to the color change from strong blue-violet to weak bluish yellow. 
\ second method, the barium chloride—oxalic acid method, is as follows: Proceed as in the 
first method to the point where the solution is diluted to 400 cc. after boiling with sodium 
hydroxide, then add to the boiling solution 15 ce. of 2 normal barium chloride solution and 
enough normal oxalic acid to decolorize phenolphthalein and titrate with normal sodium 
hydroxide to the first permanent pink color. By this second method all organic acids, 
including carbonic, are determined. The basicities of a chrome alum solution made basi 
with sodium carbonate, as determined by five methods, were as follows: bromocresol 
purple method 33.6 per cent, oxidation method (Burton J. Soc. Leather Trades’ Chemists, 
1922 p. 92) 32.7 percent, direct titration method 32.3 per cent, back titration method with 
phenolphthalein 15.9 per cent, and barium chloride—oxalic acid method — 18 per cent. 
Corresponding values for a sulfur dioxide reduced liquor were 36.9 per cent, 33.0. per 
cent, 32.2 per cent, 30.5 per cent and 19.5 per cent, respectively. The difference between 
basicities by the bromocreosolpurple and the back titration methods is a measure of the 
amount of weak organic acids including carbonic acid to the bicarbonate stage. The dif- 
ference between the latter and the barium chloride-oxalic acid method is a measure of 
the amount of weaker organic acids, including the second dissociation stage of carbonic 
acid, that are precipitable by barium chloride. These methods will give information on the 
amount of sulfite and sulfur dioxide in sulfur dioxide reduced liquors. LDC. 


PATENTS 

Solubilizing Tanning Bark Extracts with Waste Sulfite Liquors. U. 5. Pat 
2,505,818. K. T. Williams, Berkeley, and E. F. Potter, Richmond, Cal., assignors to United 
States of America. Appl. July 23, 1946. A method of solubilizing the insoluble material 
contained in an aqueous extract of western hemlock bark, comprising mixing the aqueous 
extract with a sulfite liquor produced during the cooking of wood in the manufacture of 
wood pulp and modified solely by having had its pH raised to approximately 5 and its 
alkaline earth metal ions substantially replaced by sodium ions, said extract and said 
liquor being mixed in such proportions that about three-fourths of the total dissolved ma 
terial present in the mixture is derived from the extract and the remainder of the total 


dissolved material is derived from the liquor, and heating this mixture at a temperature of 
about 180°F. for about three hours. 


Process for Manufacturing Artificial Chamois. U.S. Pat. 2,506,249. P. T. Tam- 
men, Breda, Netherlands, assignor to American Enka Corp., Enka, N. C. Appl. Apr. 23, 
1947. A process for manufacturing artificial chamois which comprises coating an open 
mesh fabric with a viscose solution and gelatinizing the same by heating in the neighbor- 
hood of 50°C., incorporating in a similar viscose solution a surface tension reducing agent 


of the class consisting of soaps, sulfonated oils, sulfonated alcohols and saponin and a vapor 
generating substance of the class consisting of low boiling hydrocarbons and halogenated 
hydrocarbons that generates a vapor at least at the temperature at which the viscose is 


coagulated, applying the viscose mixture to both sides of the gelatinized viscose fabric 
sheet and heating the laminated sheet in the neighborhood of 50°C. under atmospheric 
pressure whereby fine pores are formed in the outside layers of the sheet and finally regenerat- 
ing the sheet in an acid bisulfate bath and desulfurizing. 
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Process of Increasing the Strength of Insolubilized Artificial Protein Filaments. 
U.S. Pat. 2,506,252. R. H. K. Thompson, Kilwinning, and D. Traill, Ardrossan, Scotland, 
assignors to Imperial Chemical Industries, Great Britain. Appl. July 26, 1945. A method 
for the production of protein filaments which comprises insolubilizing coagulated protein 
filaments by treatment with an acidic, saline solution of formaldehyde and, thereafter, con- 
tacting the insolubilized filaments for a time corresponding to about 30 to 45 winutes at 
room temperature with a formaldehyde solution of approximately 40 per ces jormalde- 
hyde concentration having a pH between about 8.6 and 10.4. , 

Process of Increasing the Strength of Insolubilized Artificial Protein Fig®Mments. 
U.S. Pat. 2,506,253. R.H. K. Thompson, Kilwinning, and D. Traill, cane «otland, 
assignors to Imperial Chemical Industries, Great Britain. Appl. July 26, 1945. Vt method 


for the production of protein filaments which comprises insolubilizing coagulai: protein 


; 


filaments by treatment with an acidic, saline solution of formaldehyde andj @ereafter, 
contacting the insolubilized filaments for a time corresponding to about 30 ta 4 @ minutes 
at room temperature with a formaldehyde solution of approximately 40 per cemt wmalde- 
hyde concentration having a pH between about 1.9 and 4.0, i 


Hog and Cattle Skinning Table. U.S. Pat. 2,506,532. W. J. Wilson, Morging Sun, 
lowa. Appl. Feb. 25, 1949. A hog and cattle skinning device comprising a tallegiaving a 
table top including drainage means, a first set of transversely spaced longitudirgl rollers, 
means for supporting said rollers on said table tep, a second set of transvetsegy spaced 
longitudinal rollers, and means for supporting said second set of rollers above bud first set 


of roll rs. 


ak 


Process for Cleaning Animal Fibers to Prepare Same for Subsequen¢ Use in 
Textile Operations. U.S. Pat. 2,508,406. M. Levin, Lowell, Mass. App!. De=327, 1946. 


In a process for cleaning animal fibers and preparing them for subsequent use insthe manu- 
facture of various types of cloths and felts, the step consists of subjecting said “bers to a 
mixture of sulfuric acid solution and a ketone effective to inhibit ionization of ttre sulfuric 


acid solution, said mixture containing not more than 20 per cent water 


Treatment of Keratinous Material. U.S. Pat. 2,508,713. M. Harrisand A. #. Brown, 
Washington, D. C., assignors to Harris Research Laboratories, Washington, D..C. Appl. 
Oct. 7, 1946. The process for chemically modifying keratinous material to impart thereto 
enhanced resistance to the action of reducing agents, oxidizing agents and alkalis while 
preserving substantially unimpaired the mechanical properties of the keratinous material, 
which consists essentially in immersing the keratinous material for from 15 to 60 minutes 
in a liquid bath at a pH between 3 and 9 and at a temperature in the range 60-100°C., 
said bath containing a reducing agent for keratin which is inert to formaldehyde, to rupture 
disulfide linkages of the keratin, said bath containing more than 0.00045 mol per gram of 
keratinous material of free formaldehyde, whereby new stable alkylene cross-linkage 


between the peptide chains of the keratin are formed immediately upon rupture of the di- 
sulfide linkages 


Process for Treating Keratinous Materials. U.S. Pat. 2,508,714. M. Harris and A. 
E. Brown, Washington, D. C., assignors to Harris Research | 


aboratories, Washington, 
D.C. Appl. Oct. 7, 1946 


The process for modifying a keratinous material to increase its 
resistance to attack by oxidizing agents, reducing agents and alkalis while preserving sub- 
stantially unimpaired its mechanical properties, which comprises treating the keratinous 
material at a temperature between 60°C. and 100°C. and a pH above 7, in a liquid bath 
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containing 3 per cent to 100 per cent of the weight of the keratinous material of a reducing 
agent for keratin which is inert to alkylene dihalides, to rupture disulfide cross linkages of 
the keratinous material, said bath also containing more than 0.00045 mol per gram of kera- 
tinous material of an alkylene dihalide, whereby new stable alkylene cross linkages between 
the peptide chains of the keratin are formed immediately upon rupture of the disulfide 
linkages. 


Antifoaming Compositions. Brit. Pat. 638,403. S. Stevens. Addition to boiler 
waters of a mixture of tannin (30-60 parts by weight), a long-chain ether of ethylene or 
polyethylene glycol (3-8), sodium carbonate (30-60), and glassy sodium phosphate (5-20 
prevents foaming. 


Gelatin Derivatives. U.S. Pat. 2,525,753. H.C. Yutzy and G. F. Frame, Rochester, 
N. Y., assignors to Eastman Kodak Company, Rochester, N. Y. Appl. Aug. 13, 1947. 
The method of preparing a gelatin derivative which comprises reacting gelatin with a di- 
carboxylic acid anhydride selected from the group consisting of pht halic, succinic, maleic and 
the chloro—, bromo— and sulfo-substituted anhydrides corresponding thereto in an aqueous 
system in which the pH is maintained at between 7 and 12 at a temperature of 30—70°C. 


for a non-degrading time of not more than forty minutes after the anhydride has been com- 
pletely added 


Process for Dyeing Animal Hairs with Anthraquinone Vat Dyestuffs. U.S. Pat 
2,508,203. A. E. Weber, Ridgewood, N. J., assignor to Allied Chemical & Dye Corporation, 
New York, N.Y. Appl. Aug. 17, 1948. In a process for dyeing animal hairs with anthra- 
quinone vat dyestuffs in reduced, alkaline vats, the step which comprises carrying out the 
dyeing in an anthraquinone vat liquor containing an alkali, an alkali metal hydrosulfite 
in an amount between about 1 and about 2.5 times the amount by weight of the alkali in 
the liquors, and a quantity of a neutral alkali metal salt between about 5 and about 50 
grams per liter of vat liquor, while maintaining the vat at all times during the dyeing usf 
ficiently alkaline to produce a slight to considerable color reaction with Clayton yellow test 
paper, and at temperatures between about 90°F. and about 125°F. 


Surgical Gelatin Dusting Powder and Process for Preparing Same. Pat. U. 5. 
507,244. J. T. Carrell, Kalamazoo, Mich., assignor to The Upjohn Company, Kalamazoo, 
Mich. App. Apri! 14, 1947. A sterile, substantially water-insoluble, non-antigenic, completely 
proteolytically digestible powder suitable for surgical lubrication consisting essentially of 
gelatin that has been hardened to the stage of substantial water-insolubility and that has 
thereafter been pulverized and subjected to heat treatment, which powdered material is 


completely digestible within approximately 6 hours in a 0.5 per cent aqueous pepsin 
solution 
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Testing and Research 


LABORATORIES 


help to make 
good leather better 
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developing high quality tan- 
ning specialties that result in 
superior leathers, and has spe- 
cialized in solving fatliquoring 
problems. 

Today, Nopco fatliquors— 
for every type of leather—are 
setting new high standards in 
efficiency — enabling tanners 
thruout the country to obtain 
“just what they are looking 
for.” 

In its endeavor to make good 
leathers still better, Nopco 
stands ready to supplement 
its recommendations with 
technical assistance rendered in 
the tannery itself—to assure 
that leathers produced possess 
exactly the surface feel, tem- 
per, hand break and stretch 
desired. 


Tanners’ samples, 
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analysis are first 
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Motor-driven cen- 
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Tumbling barrels 
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mate tannery 
processing 
conditions. 


NOPCO CHEMICAL COMPANY 


HARRISON, NEW JERSEY 
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UNION TANNERS SUGAR CHIPPED OR BILLETS 
UNIFORM CLEAR NON-FOAMING UNIFORM CLEAR 
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UNION STARCH & REFINING CO. 


Established 1903 
General Offices: COLUMBUS, INDIANA 
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Beiter Leathers at Lower Cost ... 


It’s Easy with Linco Products 


Do you believe the maintaining of leather 


LINCO PRODUCTS markets desirable? If so, highest quality 


* leathers at lowest possible cost are necessary. 

PANCREATIC. BATES To accomplish this, no single improvement 

FILLERS can be the answer but a lot of steps in the 

SOLE LEATHER FINISHES right direction might. Better yields is a very 
TANNER'S LIME important step. 

AND CHEMICALS We invite your inquiries and permission to 


prove better yields with LINCO PRODUCTS. 


L. H. LINCOLN « SON, i... 


COUDERSPORT, PA. 


MANUFACTURERS AND DISTRIBUTORS OF TANNING MATERIALS 
CONSULTANTS ON TANNING PROBLEMS 
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RELIABLE DIRECT SOURCES THE WORLD OVER 
FOR 


VEGETABLE TANNING MATERIALS 


WATTLE EXTRACT WATTLE BARK 
MYRABOLAMS VALONEA 
MANGROVE BARK Divi DIVI 
CUTCH QUEBRACHO SUMAC 


THE OLSON SALES AGENCY 
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20 BROAD STREET 
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HOWES LEATHER CO. INC. BANA ALLEN, NIC. 


SOLE LEATHER ; 
Buford, Georgia 


TANNERS SINCE 1873 


Tanners Cut Sole Division ‘ 


* Finest English Rein 
and Strap Leather 


CUT SOLES Latigotan Harness Leather 


Manufacturers of genuine English 
type and full rigged hand tooled 
BOSTON, MASS. roping saddles. 
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Year-round Uniformity 


Dependable Source of Supply 


WARNER COMPANY 
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THE OHIO LEATHER CO. 
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B. D. Eisendrath Tanning Company 
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Perfect Tanning Sugar 


Consult, without obligation, our Technical 
Sales Department for advice and suggestions 
on the profitable use of NABOB. 


NABOB is a registered trade-mark of Corn Products Refining Co., N. Y., N. Y. 


CORN PRODUCTS SALES COMPANY 
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BORAK: BORIC AC/D 


Borax and Borie Acid have long 
been used as chemicals in the 
tanning and finishing of good 
leather. 


Distributors of Pacific Coast Borax Co. are lo- 
cated in principal cities of the United States 


Write for our Booklet: “Processing Heavy Leather” 


PACIFIC COAST BORAX CO. 


Division of Borax Consolidated, Limited 
LOS ANGELES « NEW YORK e CHICAGO e¢ CLEVELAND 
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A material made to specifications and used internationally 
for the analysis of vegetable tanning materials 
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WHAT THE 15 CHAPTERS GIVE 
WHEN YOU BUY THIS BOOK 


Chapter 1. Historical and Technical 
Background of Cattlehide Leather 
Tanning. 

Chapter 2. Economic Structure of Cat- 
tlehide Leather Industries. 


Chapter 3. Combination and Integra- 
tion in Cattlehide Leather Tanning. 


Chapter 4. Domestic Cattlehide Sup- 
plies. 


Chapter 5. World Hide Supplies. 
Chapter 6. Tanning Materials. 


Chapter 7. Labor in Cattlehide Leather 
Tanning. 


Chapter 8. Capital in Cattlehide Lea- 
ther Tanning. 

Chapter 9. Joint Production in Cattle- 
hide Leather Tanning. 

Chapter 10. Cost in Cattlehide Leather 
Tanning. 

Chapter 11. The Markets for Cattle- 
hide Leather. 

Chapter 12. Characteristics of Demand 
for Cattlehide Leather. 

Chapter 13. Competitive Aspects of 
Cattlehide Leather Tanning. 

Chapter 14. Dynamics of Hide and Lea- 
ther Prices. 


Chapter 15. Cattlehide Leather Tan- 
ning during World War II. 


The Story of the Economics 
of the Leather Industry 


The author, Dr. Merrill A. Watson, is well 
known to the leather and shoe industry. His 


$750 


book is a real contribution to the literature of 


the industry as it completely covers the his- 
tory and economics of cattlehide leather 


tanning. 


OVER 175 PAGES 


PER COPY 
POSTPAID 
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COLORFULLY ILLUSTRATED. 


ECONOMICS OF CATTLEHIDE LEATHER TANNING contains much 
information in its 15 chapters hitherto not published in book form to be 
of use to all practical tanners, shoe and leather men, industrial, govern- 
mental, research workers, professors, students, librarians, economists and 
anyone associated DIRECTLY or INDIRECTLY with the leather and 
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ESTABLISHED 1883 
Exclusively a Tannery Paper 
Devoted to Leather Technology, Tanning and Finishing of 
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equipment. 


Technical articles and newsworthy 
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SYNKETAN 0-230 

A liquid syntar, combines with all natural ex- 
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632 South Front Street Elizabeth, N. J. 


The famous Diamond A Compound has sewed 


MORITE BRAND (Qe 


Ter 


Sulphonated and Compounded 
OILS 


WHITTEMORE-WRIGHT COMPANY. INC. 
62 ALFORD ST. CHARLESTOWN DISTRICT BOSTON, MASS. 


EST. 1908 


RESEARCH 


“The Extension of Knowledge ts 
has Two functions 


by the Investigation of Matter”. 
To produce a better Product and 


to do it More Economically. 
This space dedicated to 


Tanners’ are Laboratory THE TANNERS’ COUNCIL 
RESEARCH LABORATORY 
UNIVERSITY OF CINCINNATI 





Created 
For The Tannery 


One of the most useful colors introduced during 1950 was 
a brown developed specifically for chrome tan grain and 


suede leathers. 


SELLA FAST BROWN DR EXTRA 


® This valuable tool of the color room 
produces an outstanding richness of 


overtone, with... 


@ pile-up or cumulative build-up to a 
depth of down-tone obtainable with few 


dvestuffs, and... * 


®@ penetrability which gives exceptional 


top-buffing qualities. 


The level-dyeing properties characteristic of the Sella Fast 
series make for distinguished, saleable grain leather with 


a minimum of color rejects. 


EY GEIGY COMPANY, Inc. 
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AT YOUR SERVICE------. 


* 
This modern plant is your landmark for Sulfated Oils . . . Esters 
... Alum Stable Products ... Degreasing Agents ... Syn- 


thetic Detergents ... and a host of other fine related products. For 
this—the home of E. F. Drew & Co., Inc.—is always af your 
service with extensive research and production facilitims de- 
signed to help you with your requirements . . . to help you 
with your problems! Write for further information. 


SULFATED OILS 
Cod Oils Split Oils 
Sperm Oils Vegetable Oils 
Neatsfoot Oils Castor Oils 
Suede Oils 
RAW OILS 
Refined Vegetable Oils Tanked Cod Oil 
Luxolene and other Synthetic Esters 
STUFFING OILS AND COMPOUNDS 


SPECIALTIES 


Alum Stable Oils Synthetic Detergents 
Degreasing Agents Synthetic Esters 
Water-Soluble, Non-lonic Fatliquors 


LEATHER OILS DIVISION 


E. F. DREW & Co., INC. 
BOONTON, N. J. 
NEW YORK «CHICAGO + PHILADELPHIA «BOSTON 





Sterozol 


Cel Merete CMe Matta h as 


Sterozol is a non-coloring, non-interfering liquid which can be 


used in any wet operation: 

@ For inhibiting microbial action on hides and skins in process 
@ For inhibiting mold on stock and leather in process 

@ For preserving finishes 


Sterozol's low relative toxicity, ease of handling, and economy 
have contributed in a large measure to its 


acceptance in the trade. 






A Biobate 


WALLERSTEIN COMPANY, INC. 


180 MADISON AVENUE - NEW YORK 16, WN. Y. 





XXXVII 


a bright 
penetrating yellow dye 


YELLOW MCG 


Characterized by unusual brilliance and solu- 
bility, Catcoctp YeELLtow MCG is a clear green 
shade of yellow. It features good penetration, 
evenness of dyeing, uniform coverage and true 
glazing qualities. 
Catcocip YELLow MCG is recommended for 
use in the drum and in finishing. 
For a good working yellow in upper leathers 
(both grain and suede), as well as in garment, 
bag and upholstery leathers, specify CaLcocip 
YeLtow MCG. 
Your Calco representative is a trained and ex- 
perienced leather colorist. He will be happy to 
demonstrate, in your own plant, the superior 
working properties of this and other dyes in 
the complete Calco line... to your profit. 


*Trade-mark 


’ 
AMERICAN Ganamid LOMPANY 


CALCO CHEMICAL DIVISION, 
DYESTUFF DEPARTMENT 
BOUND BROOK, NEW JERSEY 


New York © Chicago © Boston © Philadelphia © Charlotte © Providence 





XXXVITI 


CALAFENE Binder and Filler 


PIGMENT FINISHES 
Uniform quality binder, filler and carrying agent. Builds 
up body. Improves covering power and spread. Nourishes 
fiber and eliminates harsh feel. No manipulation necessary. 


LEATHER FILLER 


Imparts permanent flexibility. Does not “pipe” or crack. 
Covers cuts and imperfections. 


SUEDE SPLITS 
Plumps the skins, strengthens and builds up low ends. When 
sueded the skins have a velvety nap and full mellow feel. 
Does not lay on the surface. 


Manufacturers of a complete line of specialties for the tanning trade. 


APEX Chemical Co., Inc. 


Estab. 1900 
225 West 34th Street 


New York 1, N. Y. 


DYESTUFES DYEWOODS 
CHEMICAL SPECIALTIES 


v 


COMMONWEALTH COLOR AND CHEMICAL CO. 


Main Office, Factory and Laboratories 
3240 GRACE AVENUE NEW YORK 67, N. Y. 


Philadelphia - Chicago - Gloversville Montreal 
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Nay 
COLOPS 


eis. stare 


Solubility 
Atability 


Level-dyeing DERMA COLORS are specially prepared for chrome-tanned 
leather by the Sandoz Leather Color Development Laboratory. They 
have unusually good solubility and excellent stability against changes in 
pH. The shade can be built up without the undesirable effects often 
encountered with ordinary dyes. 


For finishing operations, the Extra Concentrated types maintain uni- 
form viscosity and remain clear even after prolonged aging. 


DERMA COLORS include Derma Blue 2B, Derma Green B, Derma Brown R, 
Derma Brown G, Dermacarbon Black B. 


SANDOZ CHEMICAL WORKS, INC., 61-63 VAN DAM STREET, NEW YORK 13, N.Y. 


Also Boston, Charlotte, Chicago, Paterson, Philadelphia, Providence, Los Angeles and Toronto 


SANDOZ thinks ahead with leather 


SANDOZ 





XLI 
a little VANCIDE 


Save money and get more positive control of both bacteria 
and fungus growth with the new double-purpose Vancides. 


Very low, cost-saving concentrations of the Vancides give 
complete protection at all stages of leather processing. 
CONTROLS 


Vancides will... BACTERIA 


a) preserve partially processed hides while in storage. 


b) prevent microbial contamination of the bating bath 
or tanning liquor. 


c) eliminate fungus attack of vegetable tanned and other 
leathers. 


d) prevent fungicidal and bactericidal decomposition of 
leather finishes. 

e) act as bactericide and fungicide for floors, walls, 
racks, and other equipment. 


IN ADDITION, Vancides are safe to handle. They are 
non-toxic to humans and are neither primary irritants 
nor skin sensitizers. 


WRITE TODAY FOR VANCIDE 
TECHNICAL BULLETIN NO.120 


CONTROLS 
FUNGI 


R. T. VANDERBILT COMPANY 


SPECIALTIES DEPARTMENT 
230 PARK AVE. NEW YORK 17,N. Y. 
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MYRTAN 


A TANNING EXTRACT 


made from the wood of an Australian 
species of the Eucalyptus family. 


It contains both catechol and pyrogal- 
lol tannin, the latter predominating. 


TYPICAL A.L.C.A. ANALYSIS 


TANNIN, . . . . . . . 61.55 
NON-TANNIN. . . . . . 16.03 
INSOLUBLES ...... 4170 
WATER . . 2. 2 0 0 0 « SO 


Also Available as Liquid with 30% Tannin 


As a retanning agent for chrome tanned leather, 
Myrtan possesses many advantages, such as smooth 
and strong grain, good color and break, as well as 
a round feel. 


Blended into sole leather tannages, it has given 
better yields and improved color. 


For further information address: 


TANEXCO, INC. 


549 WEST WASHINGTON BLVD., CHICAGO 6, ILLINOIS 


SOLE AGENTS 





DERMABATE 
COMPOUNDS 
LIQUID EXTRACTS 


HEMLOCK 
OAK 
MANGROVE 
WATTLE 
STAINLESS SUMAC 
ORDINARY SUMAC 
QUEBRACHO 
SPECIAL DIPPING EXTRACTS 
RAPID TAN “G” 


AMERICAN 
EXTRACT CO. 


Manufacturers of the Largest 
Variety of Vegetable Tanning Extracts 
Established 1887 
PORT ALLEGANY, PA. 


CANADIAN REPRESENTATIVES: 
MeArther Chemical Co., Lid., 20 St. Paul St., West, Montreal: 73 King S:., West Toronto 





